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ABSTRACT 

This dissertation explores the extent to which organizational and 

institutional factors continue to influence the economic and safety 

performance of nuclear power plants. Although the importance of non

technological factors during the developmental period of nuclear power has 

been recognized after the fact, most contemporary research fails to recognize 

the continued importance of organizational and institutional factors for on

going nuclear power plant operations. Moreover, a second generation of 

advanced nuclear reactors is now imminent but technological advances will 

not suffice to prevent many of the mistakes of this fIrst era of nuclear 

power. The lessons learned from our experience with the current 

generation of nuclear power plants must include more than technological 

improvements. As yet a systematic investigation of the impact of 

organizational and institutional factors on nuclear power plant performance 

has not been conducted. This dissertation progresses us much further 

toward accomplishing this task, although much additional research is still 

needed. 
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1.0 INTRODUCTION 

In view of the early promises of nuclear power, its history has been 

disappointing; some have called it an "unmitigated failure" (Morone and 

Woodhouse, 1989). As Cook (1985) succinctly put it "The failure of the U.S. 

nuclear power program ranks as the largest managerial disaster in business 

history ... The utility industry has already invested $125 billion in nuclear 

power, with an additional $140 billion to come, ... and only the blind, or the 

biased, can now think that most of the money has been well spent." 

The efficiency of this new technology was initially expected to be 

unprecedented (Komanoff, 1981; Stoler, 1985; Sills et al., 1982); some even 

suggested that the energy produced would be "too cheap to meter" (Fox, 

1983:542). The efficiency of nuclear generation not only has fallen far short 

of these expectations, but when construction costs are factored in, it is the 

least efficient form. of energy production (Tomain, 1987:20). The public has 

not derived the promised benefits and utilities' experience with nuclear 

power has been nothing less than an economic disaster (Tomain, 1987:80-87; 

Nesse, 1982; Cook, 1985; Manning, 1985). 

Safety has similarly deviated from initial expectations. In the 

developmental years nuclear power plant safety was not a particularly 

salient issue (Ford, 1982; Union of Concerned Scientists, 1987; Rolph, 

1979:28; Morone and Woodhouse, 1989). It has since emerged as one of the 

major political issues of our day (Nelkin and Pollale, 1981; Wildavsky and 

Douglas, 1981; Rothman and Lichter, 1987). In fact, concern with the 
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safety of nuclear power is one of the major reasons for its economic failure 

(Hewlett and Mayes, 1989). Delays in construction and constant safety add-

ons have made nuclear power a poor investment. 

For both economic and safety reasons, nuclear power has now become 

politically and economically nonviable. No new nuclear power reactors are 

being ordered by U.S. utilities and over 100 reactors, many already under 

construction, have been canceled or indefinitely deferred Unformation 

Digest, NUREG-1350, 1990).1 This rejection of nuclear power is 

widespread. Sweden was in the forefront of this trend; in 1976 a minor 

party came to prominence by opposing nuclear power and in 1980 a 

referendum to phase out nuclear power with complete termination by 2010 

was passed (even though nuclear power accounted for half of Sweden's 

electricity at that time). The nuclear issue was partially responsible for the 

fall of Italy's governing coalition in 1987 and 1988. West Germany, a 

country that is heavily invested in nuclear power, is also becoming anti

nuclear; half of the public is opposed and since 1980 only two new reactors 

have been ordered (Morone and Woodhouse, 1989:14). By 1989 Japan and 

France had become the only major representative democracies with plans to 

increase their reliance on nuclear power; the province of Ontario will most 

likely increase as well (Morone and Woodhouse, 1989:14). 

1 The Washington Public Power Supply System defaulted on more than $2 
billion of bonds after canceling four nuclear plants; the Marble Hill plant in 
Indiana was canceled after some $2.5 billion had been expended; the Seabrook 
plant in N ew Ham~shire may never operate because of local opposition and the 
Shoreham plant in New York nearly experienced the same fate. 
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In the late 1980s most observers (Manning, 1985; Stoler, 1985; 

Lidsky, 1987:20-23; Cook, 1985:82; Morone and Woodhouse, 1989:5) were 

predicting the death of nuclear power. The situation has changed somewhat 

during the last several years. Sweden, the forerunner of the movement 

away from nuclear power, is now modifying its goal of complete termination 

by 2010. In the United States, utilities that want to prematurely terminate 

plants are confronting public opposition. Some of the opposition is due to 

the fact that not everyone is convinced that the public, having paid for 

nuclear plant construction, is going to benefit from early plant closures; 

others are concerned with expected shortages of energy production 

capabilities in the future (see Hafele, 1990). In other cases, utilities are 

pushing to extend the operating lives of their older reactors for an 

additional 20 years.2 The push for "life extension" is a direct outgrowth of 

the failure of nuclear power; due to the fact that utilities have not been able 

to realize the expected return on their investments over the projected 40 

year operating life of their current nuclear reactors as well as the absence of 

affordable new nuclear plant construction or desirable alternatives. 

Although several reactors are rapidly approaching the end of their expected 

40 year operating lives, the mean age of the 84 nuclear reactors currently 

2 The Electric Power Research Institute's Nuclear Utility Plant Life Extension 
(NUPLEX) which began in 1985 is a 9-year program aimed at substantially 
extending plant life beyond the authorized life span of 40 years. 



operating in the United States is only 8 years.3 Therefore the death of 

nuclear power promises to be highly protracted. 
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The slow decline of nuclear power makes safety concerns all the more 

salient. Besides the obvious safety concerns with "life extension," the 

economic situations of utilities and their degree of commitment to nuclear 

operation is also a major safety issue. Utilities have experienced notable 

economic declines during the past several decades and investments in 

nuclear power plants have been a major contributor to their economic 

problems (Brooks and Mota.men, 1984). The utilities most heavily invested 

in nuclear power have shown the greatest economic declines (Tomain, 

1987:80; Nesse, 1982). Thus, economic difficulties may be accompanied by a 

disincentive to invest any further in existing nuclear power plants. Utilities 

may surmise that additional investments in currently operating nuclear 

power plants would be just throwing good money after bad. As mentioned, 

some plants have been such economic disasters that utilities have cut their 

losses by closing the plants down before their operational expiration dates. 

However, because discontinuing a plant is a very expensive operation 

(Zuercher, 1990) and outside pressure may prohibit early termination, 

continuing to operate a plant without investing heavily in it may become 

one of the more viable or likely options. 

Economic problems have also lead many utilities to restructure and 

diversify. Although these trends may in the long term improve utilities' 

3 The oldest commercial reactor went on-line in 1957. This information based 
on a Department of Energy publication (Department of Energy, DOE/EIA-0511, 
1989). 
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financial health, restructuring and diversification may also affect the 

utility's level of financial dependence on and future commitment to their 

nuclear power plants. Organizational expansion may decrease the relative 

investment in nuclear power and the importance of any particular nuclear 

power plant. Thus, it may be less economically important to large 

diversified utilities that their nuclear plants perform well as resources can 

be more easily diverted from the less to the more profitable of their business 

sectors. 

The future safety of currently existing plants is not all that is at 

stake. A new era of nuclear power is now imminent. Contrary to the 

predictions of most industry observers (Manning, 1985; Stoler, 1985; Cook, 

1985; Lidsky, 1987) just a few years earlier, nuclear power is far from dead 

in spite of the fact that this phase of its existence may be slowly coming to 

an end. Plans are already well underway to bring about a speedy 

resurgence;' a so-called "new era" of nuclear power. The heralding of a 

"new era" of nuclear power should not lead us to believe that thl,'e will be a 

sharp break with the past. There are several reasons to suggest that this 

new era may not be altogether new. First, the same manufacturers of the 

current generation of reactors are now proposing the "advanced" reactor 

designs. Second, these "advanced" reactors are modifications of the same 

general reactor type, i.e., "advanced" light water reactors.5 Although the 

4 President Bush's proposed energy plan calls for actions to eliminate 
obstacles for new reactor to be constructed and brought on-line. 

5 Seventy-five percent of the reactors operating today are light water reactors 
antemational Atomic Energy Agency, 1989). 
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technological advances may be significant, it is not clear that these 

advanced designs are the best of all possible designs, and the degree to 

which they are "inherently safe" is still an issue.6 Third, although it is 

clear that the demise of this era of nuclear power cannot be attributed to 

technological inadequacies alone,7 changes in the organizational and 

instructional context of nuclear power are not being adequately addressed. 

As a result many of the present problems may persist. 

This dissertation addresses the organizational and institutional 

context of nuclear power. To avoid problems both with the protracted 

demise of the present era and with the impending new era of nuclear power, 

it is important that the dynamics of nuclear power plant safety be more 

thoroughly investigated. Moreover, the organizational context of nuclear 

power plants is changing rapidly, but little attention is being paid to the 

consequences of these changes for the safety performance of existing nuclear 

power plants or for the future era of nuclear power. While this dissertation 

is not an exhaustive treatise on nuclear power plant safety, several aspects 

6 (See Reutler and Lohnert, 1983; Weinberg et al., 1985; and Lidsky, 1988; for 
discussions of the concept of "inherent safety" and the merits of alternative 
advanced reactor technologies). 

7 For a fair-minded discussion of the many problems facing nuclear power see 
U.S. Congress, Office of Technology Assessment, Nuclear Power in an Age of 
Uncertainty, OTA-E-216 (Washington, 1984); Andrew Blowers and David Popper, 
eels., Nuclear Power in Crisis: Politics and Planning for the Nuclear State (1987); 
Joseph Camilleri, The State and Nuclear Power: Conflict and Control in the 
Western World (1984); Jim Falk, Global Fission: The Battle over Nuclear Power 
(1982); Martin J. Plasqualetti and K. D. Pijawka, eds., Nuclear Power: Assessing 
and Managing Hazardous Technology (1984); William Walker and Mans LOnnroth, 
Nuclear Power Struggles (1983); Phil Wi)]jams, The Nuclear Debate: Issues and 
Politics (1984); William Wood, Nuclear Safety, Risks. and Regulation (1983). 
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of the organizational and institutional context will be investigated in a more 

comprehensive fashion than has been done in previous studies. 

Three major premises guide this dissertation. First, safety must be 

viewed as an organizational outcome, not just a technological outcome. 

Although technology is important, it is not the only determinant of nuclear 

power plant safety. Second, safety, as an organizational outcome, cannot be 

studied in isolation from other organizational outcomes, particularly 

economic outcomes. An organizational approach increases the awareness of 

the relevance of the relationships between organizational outcomes. Third, 

organizational and institutional factors may affect the relationships between 

organizational outcomes. The existing relationship between economic and 

safety performance may not be a "necessary" relationship, but rather 

determined in large part by the organizational and institutional context of 

nuclear power plants. The degree to which particular organizational and 

institutional factors serve to enhance both safety and economic performance 

is the focus of this dissertation. Each of these points is further elaborated 

below. 

1.1 THE NEED FORAN EXPANDED ORIENTATION TOWARD 

NUCLEAR POWER PLANT SAFETY 

The study of safety in nuclear power plants has traditionally been 

approached from an engineering perspective with a focus on technological 

determinants. This orientation was questioned after the accident at Three 
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Mile Island (TMI) in 1979; this accident made the limitation!=! of a strictly 

technological orientation increasingly apparent. The efforts to buffer the 

system from the unpredictability of human action and the consequences of 

human error had failed. Concern with non-technological factors affecting 

nuclear power plant safety rose in response to the investigatory reports of 

the accidentB and subsequent studies documenting the extent to which 

human error represented a significant safety concern (Olson et al., 1984; 

Rasmussen, 1980). These studies indicated that over half of all events 

significant enough to be reported to the Nuclear Regulatory Commission 

(NRC) involved some component of human error. 

The increased attention to non-technological factors, however, tended 

to focus on areas of concern that could be most readily incorporated into the 

dominant engineering models of safety, such as probabilistic risk 

assessment (PRA) models.9 The main objective was to improve the 

predictive strength of these models by incorporating non-technological 

factors. Not surprisingly, the incorporation of these non-technological 

factors was driven by an engineering (rather than a sociological) logic, with 

more proximate factors receiving greater emphasis than more distal 

organizational and institutional factors. As a result, human factors 

8 See President's Commission on the Accident at Three Mile Island, The Need 
for Change: The Legacy of TMI (1979); Sills et al., Accident at Three Mile Island 
(1982) originally prepared for the President's Commission on the Accident at 
Three Mile Island. 

9 PRA uses as a deimition of :risk the probability that an event will happen 
multiplied by its consequences. The definition is borrowed from the insurance 
industry. 
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rubric. 
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The study of nuclear power plant safety did continue to expand 

somewhat, resulting in some intriguing, albeit highly preliminary, research 

findings that suggested the importance of organizational and institutional 

factors (see Olson et al., 1984; Osborn and Jackson, 1989; Marcus et al., 

1989; Feinstein, 1987). Unfortunately, the issues of "life extension II and 

"advanced reactor technologies" have redirected attention to technological 

considerations. Life extension has focused attention on requirements for 

evaluating the technological adequacy and specifying the technical 

standards necessary to extend the operating lives of existing nuclear power 

plants. The push by manufacturers who desire to speed up the introduction 

of the next generation of nuclear reactors has forced attention and resources 

to monitoring and evaluating advanced technological designs without the 

same level of consideration to all the attendant organizational and 

institutional factors. 

While attention and resources are again turning to technological 

issues, the major organizational changes that have been occurring within 

this industry have been virtually ignored. Not only have these recent 

changes received little scrutiny, but decreased regulatory control of utilities 

has basically allowed these changes to occur (Hesse, 1987; Kuhn, 1987; 

Silverman, 1987; Walters, 1987; Adelberg, 1987). These specific changes 

and organizational and institutional issues in general may be extremely 

important to the future safety of nuclear power. Although some are calling 
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for greater attention to these types of concerns, not much is known and the 

pace of technological change may not await the slow pace of knowledge 

accumulation in this domain. 

1.2 THE RELATIONSIDP BETWEEN NUCLEAR POWER PLANT 

PERFORMANCE OUTCOMES 

'When safety is seen as an "organizational outcome" it becomes clear 

that inter-relationships and potential conflicts between organizational 

outcomes need to be better understood. Since economic outcomes are 

always of primary interest to private industry, it is particularly important 

to determine the relationship between safety and economic performance. 

One possible argument regarding the relationship between safety and 

economic performance is to see it as representing a potential trade-off. An 

alternative argument often made by representatives of the nuclear industry 

is that there is a direct positive relationship between safety and economic 

performance, since nuclear power plant safety and productive output are 

inextricably connected to one another. Therefore, the industry has a strong 

economic incentive to maximize safety. A more nuanced argument made by 

economic theorists (Stever, 1980; Wood, 1983) is that while increases in 

safety may increase productive performance up to a point, there is an 

inevitable decreasing marginal return. Safety expenditures may, in fact, 

quickly reach a threshold above which additional expenditures on safety will 

no longer be cost effective. For this reason, it is argued that the public's 



interest in safety will exceed that of the industry to the extent that 

economic incentives on the part of utilities are insufficient to produce 

extremely high levels of safety. The greater the difference between the 

industry's and the public's interest in safety, the greater the need for an 

external body to enforce nuclear power plant safety performance. 

In spite of assurances from the industry, possible conflicts between 

economic and safety concerns were perceived by the public and the state . 
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.As a result, the Nuclear Regulatory Commission (NRC), was established in 

1954 to regulate and enforce safety performance. Unlike its predecessor, 

the Atomic Energy Commission (AEC), economic performance is not under 

its purview; its mandate is solely and exclusively to regulate safety. The 

NRC however often concurs with the industry that there is a direct positive 

relationship between safety and economic performance, at least in the long 

run, and tends to take economics into consideration. In spite of this 

tendency, the NRC and the industry often disagree about the best means of 

achieving safe operations. Industry representatives often argue that 

although safety is in their economic interests, compliance with NRC 

regulations is not (U.S. Nuclear Regulatory Commission, 1990). The extent 

to which NRC regulation is necessary and effective for enhancing nuclear 

power plant safety or an unjustifiable economic burden has been debated for 

decades by industry observers CWildavsky, 1983; Wood, 1983; Stever, 1980; 

Lidsky, 1988; Marcus and Osborn, 1989). 
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1.3 ORGANIZATIONAL APPROACH 

A complete organizational assessment of nuclear power plant safety 

requires a multi-level theoretical model. The reason for this that nuclear 

power plants are never autonomous organizational entities. For this 

research project, it is useful to distinguish between four successive levels: 

(1) the technological core; (2) the immediate organizational unit; (3) the 

larger organizational structure; and (4) the institutional and technical 

environments.10 The distinction between technical and institutional 

environments is taken from Meyer and Scott (1983). The technical 

environment is used to refer to market-type pressures resulting in efficient 

performance. The institutional environment refers to more direct forms of 

control and to the elaboration of policies, rules, and requirements to which 

individual organizations must conform in order to receive legitimacy and 

support. Institutional environments are particularly strong in regulated 

industries, especially when the industry is regulated for safety rather than, 

or in addition to, efficiency (Scott, 1987: 125-127). 

Each of these levels has particular dynamics which exert different 

types of pressures on organizational outcomes. Moreover, the effects of each 

level may depend on the nature and structure of the other organizational 

levels. An organizational approach must thus be able to address complex 

inter-relations between these levels. In this sense, an organizational 

10 Similar distinctions have been identified by other organization theorists; for 
example, Parsons (1960:63-64) and Thompson (1967) differentiate between the 
technological, managerial, and institutional levels. 
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perspective is distinctly sociological. .As mentioned above, even the 

broadened engineering perspective largely focused on the first level, the 

technological core. The more distal levels are reduced to their direct effects 

on these technological factors. Neo-classical economic models tend to 

dominate analyses of the effects of the outermost level. These models also 

tend to focus on a direct relationship between a narrow aspect of the 

environment (the technical environment theorized as supply and demand 

dynamics of markets) and one narrow aspect of the technological core 

(productive output). The fact that institutional environments are much 

stronger than technical environments in the nuclear industry makes it 

necessary to employ a more complex, sociological approach. Only a 

sociological perspective can provide a theoretical framework broad enough to 

analyze the interactive effects of all four organizational levels. 

1.3.1 Organizational Levels 

The organizational levels and performance outcomes are diagrammed 

in Figure 1.1. At the center of this figure is the technological core, i.e., the 

reactor unit. The technological core involves both the machine functions 

and human actions that make up the production process. This technological 

core is contained within an organizational context, specifically the plant and 

its internal organizational processes. A nuclear power plant is comprised of 

one or more technological cores, depending on the number of reactor units. 

The plant, in turn, is embedded within a larger organizational structure 



The Institutional and Technical Environments 
(Federal and State Regulators and Capital, 

Product and Supply Markets) 

The Larger Organizational Structure 
(Utility Owners and Parent Firms) 

The Immediate Organizaticnal Unit 
(the Nuclear Power Plant) 

Internal 
Orgardzational 

Processes 
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FIGURE 1-1. An Organizational Approach. 
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(utilities and the parent firms of these utilities). Typically a nuclear power 

plant is one of many energy-producing plants owned either by a single 

utility or partially owned by several different utilities. Thus, in spite of the 

fact that a nuclear facility will be licensed to a single utility, plant 

ownership patterns vary a great deal. Moreover, the license holder can be 

an investor-owned or a govemment-owned utility. The utility licensee 

and/or the other utility owners, in turn, may be owned by a larger parent 

corporation. Finally the entire organizational structure is located within 

both an institutional and a technical environment consisting of external 

organizations or groups which may influence any of the lower organizational 

levels (including competitors, suppliers, customers, state and federal 

regulatory agencies, unions, and the public). 

This dissertation focuses on the two most large-scale and distal 

levels: the institutiona1/technical environment and the larger organizational 

structure. The reasons for focusing on the more distal levels are threefold; 

the Ill'st two are theoretically motivated, the last is due to practical 

limitations. First, in the study of organizational outcomes such as 

productivity, profits, and growth, organization theory has progressively 

recognized the importance of the external organizational context (Dimaggio 

and Powell, 1983; Scott, 1987; Fligstein, 1990). Theorists are increasingly 

viewing organizations as "open" as opposed to "closed" systems. To 

understand nuclear power plants as "open" systems may be particularly 

important since it is expected that nuclear power plant outcomes are highly 

affected by their external context. There are strong reasons to expect that 
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both the institutional environment and the larger organizational context 

will have important consequences for nuclear power plant outcomes, and for 

the relationships between outcomes. It is also expected that interactions 

between these organizational levels will be important, i.e., the effects of 

NRC regulation may be mediated by the larger organizational structure. 

Second, even though the limits of a strict engineering perspective 

have recently been expanded, the more proximate factors having to do with 

the actual conduct of work tasks (especially "human factors" work focusing 

on human reliability and the human/machine interface) have tended to 

receive the greatest attention. Among the more distal factors, the 

effectiveness of NRC safety regulationll and the fmancial well-being of the 

utility licensee12 have received greatest attention, although little empirical 

research has been conducted. Changes in state regulation of utilities has 

II It is obvious that the effect of NRC safety regulation would be a major issue 
in this industry and a fair amount has been written on this topic (Rolph, 1979; 
Wood, 1983; Wildavsky, 1983; Stever, 1980; NUREG-1318). It is extremely 
difficult, however, to empirically assess NRC effectiveness. The effects of NRC 
regulation can only be investigated indirectly (see Hewlett et al., 1988, on the cost 
of complying with NRC regulation) or by focusing on some quite specific, 
measurable aspect of regulatory variation across nuclear power plants (see 
Feinstein, 1989, on the effect of variation in detection rates). 

12 The fmancial well-being of utility licensees was a prominent concern of the 
NRC in granting construction licenses to utilities (Hendrickson et al., 1988). The 
NRC wanted to insure that utility owner would have the fun(fs necessary to safely 
build and run highly capital intensive nuclear power plants, as well as the ability 
to undertake the expensive process of plant termination when the time came. In 
spite of this concern, there was little empirical evidence to document that the 
fmancial well-being of utilities had an effect on the operational performance of 
plants. Only in 1987, when the NRC was considering dropping the fmancial 
review requirement did it commission a study to determine whether fmancial 
health at the time of granting the construction permit had an impact on 
subsequent operational safety performance. This study (Hendrickson et al., 1988) 
is, therefore, fairly limited in scope. 
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recently received greater attention from the NRC (see Martin et al., 1989, 

1990; Petersen, 1987) and from the industry (Franklin et al., 1990). The 

reason is that in many states utility revenues are becoming more directly 

tied to nuclear power plant performance. Although the structure of 

ownership of nuclear power plants has been discussed by some scholars as a 

key decision in the historical development of nuclear power CMorone and 

Woodhouse, 1989), its role as an important factor contributing to variation 

across nuclear power plants' operational performances has not received 

much attention. The effects of fairly drastic changes in ownership patterns 

and utility restructuring taking place during the past several years have 

been neither theoretically nor empirically addressed. 

Third, the practical reason for this particular focus is that it is 

possible to obtain systematic data at these levels, whereas systematic data 

on the nature of machine/human interfaces, employee reliability, teamwork, 

or even the organizational structure of the plant are not available. Efforts 

are currently underway by the author and several colleagues to collect 

systematic and current data on plant organizational structures. 

1.3.2 The Theoretical Model 

My primary theoretical focus will be on the nature of the relationship 

between utilities and nuclear power plants. Utilities own plants, but 

delegate authority to plant managers to operate them. This is a classic 

principal-agent relation (in which utility management is the principal and 
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plant management is the agent) and can be analyzed using agency theory to 

identify factors contributing to the breakdown of effective control (Jensen 

and Meckling, 1976). Of course, utilities monitor plant performance and use 

positive and negative incentives in an attempt to control outcomes, but as in 

all principal-agent relations, the central problem is that agents are often 

difficult to control. 

Recently, the principal-agent relation between utilities and plants has 

become more complex, creating potentially greater control problems. First, 

it has become increasingly rare for a utility to singly own and manage a 

nuclear power plant. The diffusion of ownership has created a situation of 

multiple principals, which can be argued to have led to suboptimal 

incentives across utility owners and corresponding collective action 

problems. Second, the size of utilities and the diversity of the 

organizational subunits they oversee have also increased, making control 

more difficult. These control issues are referred to as problems of multiple 

principals and multiple agents respectively. 

Plant-utility relations are expected to be a key determinant of 

variations in plant performance outcomes for other reasons as well. In 

addition to its importance in the exercise of effective control, the nature of 

the utility/plant relation may: (1) affect the nature of the plant's 

organizational structure and (2) mediate the effects of institutional factors. 

Nuclear power plants have tended to be characterized by fairly hierarchical 

organizational structures. One explanation for this has been that because 

nuclear power plants are owned by utilities, they have come to appropriate 
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the larger organizational structure in which they are embedded. This 

tendency is referred to as isomorphism (Dimaggio and Powell, 1983). 

Discussion regarding whether this organizational form is best suited for 

effective nuclear power plant operations has become more pronounced since 

Perrow's attention to this issue (Perrow, 1984). Changes in the larger 

organizational structure of nuclear power plants may now be allowing 

nuclear power plants to become somewhat more autonomous from the larger 

utility and, thus, more able to adopt the organizational form best suited to 

its technological requisites. Changes in the utility/plant relation also should 

be important in determining the effects of other organizational factors, 

especially those of higher organizational levels, i.e., the institutional 

environment. The more macro and further removed the factors, the more 

likely their effects will be conditioned or mediated by the lower 

organizational levels. 

Finally as noted above, fmancial difficulties and fmancial pressures have 

also been experienced in recent years by utilities, particularly those heavily 

invested in nuclear power. It is expected that the effects of financial well

being on safety and economic performance will be mediated by the 

utility/plant relation. For example, whether the utility licensee is the sole 

or primary owner of the nuclear power plant should affect the extent to 

which its imancial health will influence nuclear power plant operations. 

A major theoretical point to be made in this dissertation is that the 

complex effects of organizational and institutional factors must be looked at 

systematically. The principal-agent model allows several organizational 
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issues to be discussed within a common framework, such as ownership and 

control, size and diversity, organizational isomorphism, and 

organizational/institutional versus the technological "fit." It also 

distinguishes and centralizes the relation between the utility and plant, 

preventing other organizational factors from being looked at without taking 

this key relation into account. 

1.4 RESEARCH OBJECTIVES 

Past research on the effects of organizational factors on nuclear 

power plant safety has tended to focus on a single organizational outcome, 

typically one or more discrete indicators of safety, and some discrete 

organizational causal determinant without considering the contextual whole 

and the inter-relations between organizational elements. The research 

conducted here explores the relationships between organizational outcomes 

and more systematically analyzes the effects of organizational and 

institutional factors on the performance outcomes and the relationships 

between the outcomes. There are three categories of research issues that 

will be addressed: (1) the relationships between nuclear power plant 

outcomes (particularly safety and economic performance outcomes); (2) 

whether the utility/plant relation affects outcomes and the relationships 

between outcomes; and (3) whether the utility/plant relation mediates the 

effects of other organizational factors, particularly utility imancial well

being and the effectiveness of the NRC. 
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Four key performance outcomes are identified: safe (incident-free) 

operations, compliance with NRC safety regulations, productive output, and 

cost efficiency. These measures of safety and economic performance provide 

the basis for determining the degree to which economic incentives are 

sufficient to motivate safety and/or compliance and the extent to which NRC 

safety regulation is effective in promoting safe operations. Various 

arguments have suggested that compliance ought to be incompatible with 

cost efficiency or that incident-free operations ought to be compatible with 

productive output. This research project empirically investigates these 

assumptions. Specifically, the relations between these four performance 

outcomes are used to address the following set of research questions: 

(1) Does maintaining safety in nuclear power plants increase 
productive output and/or decrease cost efficiency? 

(2) Is NRC safety regulation effective in enhancing safe (incident
free) nuclear power plant performance? 

(3) Is compliance with NRC regulations a cost efficient means of 
achieving safety? 

Changes in the nature of ~he utility/plant relation are explored to 

address a second set of research questions: 

(1) How do variations in the utility-plant relation affect nuclear 
power plant outcomes and/or the relationships between these 
outcomes? 

(2) Does the utility/plant relation affect the ability of the NRC to 
exact compliance? 

(3) Does utility financial well-being affect nuclear power plant 
performance outcomes and do variations in the utility-plant 
relation affect the relationships? 
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The effects of variations in the utility/plant relation on the relationships 

between these performance outcomes will produce insights into the extent to 

which presumed incompatibilities or compatibilities between performance 

goals are "inherent" or are produced by the organizational structure. The 

results will also serve to identify the types of organizational structures that 

most effectively maximize particular combinations of outcomes. 

1.5 OUTLINE OF THE DISSERTATION 

This dissertation focuses on the organizational and institutional 

factors influencing nuclear power plant outcomes, with particular attention 

to the nature of the utility/plant relation. It begins by emphasizing the 

importance of organizational and institutional factors in the historical 

development of this era of nuclear power. 

The historical review contained in the next chapter begins with the 

establishment of the Atomic Energy Commission (AEC) in 1946. The AEe 

marks the beginning of the development of nuclear power for civilian use. 

This chapter is a summary of several historical analyses which clearly 

demonstrate the important role that organizational and institutional 

processes played in determining nuclear power plant outcomes. One major 

lesson to be learned from analyses of the history of nuclear power is that 

safety is not merely a technological issue. In fact organizational and 

institutional processes have probably had a greater influence on nuclear 

power plant safety than any technological determinants (Morone and 
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Woodhouse, 1989). Analyses of the history of nuclear power generally 

conclude that nuclear power outcomes could have turned out very 

differently had the organizational and institutional context been different. 

A second major lesson to be learned from existing historical analyses is that 

nuclear power plant safety and economic performance are highly inter

dependent outcomes. An uneasy and complex relationship between 

economic and safety considerations played a major role in the failure of this 

era of nuclear power. Although lessons learned from the past ought to 

inform the present and future phases of nuclear power, these lessons are 

not being fully heeded. This chapter concludes with a discussion of why 

organizational and institutional factors are once again not receiving the 

level of attention that a sociologist would deem appropriate. 

The primary focus of the next chapter, Chapter 3, is on how 

organizational and institutional factors continue to affect the safety of 

existing nuclear power plants. Chapter 3 explores the importance of 

contemporary organizational and institutional factors for nuclear power 

plant performance. Although history has shown these organizational and 

institutional factors to be important in the development of the existing 

technology, once the basic technology was in place the role of such factors 

once again receded into the background. An engineering approach (focusing 

on modifications to the existing technological design) has dominated 

discussions of safety. A few organizational and institutional issues have 

been debated (primarily the effectiveness of NRC regulation and, 

secondarily, the impact of utility fmancial well-being), but there has been 
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little effort to systematically and empirically assess the impact of the 

organizational and institutional context as a whole. This chapter 

theoretically explores this context and its potential implications for nuclear 

power plant performance outcomes, especially the relationship between 

economic and safety outcomes. A clear set of empirically testable issues are 

distilled from this broader discussion which then form the basis for the next 

three chapters. 

Chapters 4, 5, and 6 describe the research approach and present the 

findings. The characteristics of the sample, the data, the computed 

measures, and the statistical methods are discussed in Chapter 4. The 

questions identified in Chapter 3 are empirically addressed in the next two 

chapters. Chapter 5 contains the first set of analyses, describing the 

relationships between the four performance outcomes UNCIDENT-FREE 

OPERATIONS, COMPLIANCE, PRODUCTIVE OUTPUT, and COST 

EFFICIENCY). Chapter 6 looks at variations in the utility/plant relation to 

determine its influence on specific outcomes and the inter-relationships 

between outcomes. 

Chapter 7 summarizes the research findings and outlines their 

implications for the future safety of existing nuclear power plants. In 

addition, an attempt is made to determine the policy implications of these 

findings for the new era of nuclear power plants. 
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2.0 SAFETY AND ECONOMIC PERFORMANCE: 

HISTORICAL OVERVIEW 

Initial expectations for nuclear power were extremely high. In the 1950s, 

the conventional wisdom was that they would be so efficient that the electricity 

they produced would be "too cheap to meterO (Fox, 1983:542). Moreover, there 

was little concern about their safety, since it was thought that any potential 

accident could be "contained" (Rolph, 1979:23). The unanticipated escalation 

of construction and operational costs has greatly undermined the economic 

advantage of nuclear power and safety has failed to meet -acceptable" levels 

according to many scientists and concerned citizens. Clearly nuclear power 

plants have failed to become the inexpensive and safe source of electrical 

power that they had initially promised to be. 

The present situation was not technologically inevitable and, according to 

many, nuclear power could have turned out very differently, i.e., nuclear power 

technology could have been both safe and economical.1 This chapter 

provides (1) an analytical history of the evolution of the safety and economic 

performance of nuclear power in order to demonstrate the origins of the current 

crisis and (2) an overview of the present situation. 

1 .As early as the late 1950s inherently safe nuclear reactors were considered 
to be a feasible reality. General Electric had been exploring a horizontal boiling 
water reactor that could have been shut down by gravity without relying on 
cooling rods, but it was dropped (Morone and Woodhouse, 1989:107). Inherent 
safety and long-term operating efficiencies were also considered compatible goals. 



An historical understanding of the development of nuclear power is 

important to provide the context for the theoretical and empirical research 

underta!':en in this dissertation.2 The historical development of nuclear power 

demonstrates that: (1) economic and safety outcomes are highly inter-related; 

(2) the present situation is very much the result of decisions that occurred 

during the formative period; and (3) non-technologicaJ factors as opposed to 

technological imperatives were paramount in these formative decisions. 
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The history of nuclear power is divided into four sections: (1) the creation 

of the Atomic Energy Commission (AEC), marking the early government

controlled developmental phase of the civilian nuclear power program; (2) the 

creation and dominance of the Naval Reactors Branch with the NEC; (3) the 

transfer of nuclear power to private industry; (4) the creation of the Nuclear 

Regulatory Commission (NRC); and (5) the eventual decline of nuclear power 

as it presently exists. 

2.1. PHASE I: PUBLIC DEVELOPMENT 

Military sponsored research led to the discovery of atomic energy and 

controlled technological development in this area until the end of WWII. Shortly 

after the war, the McMahon Atomic Energy Act. of 1946 transferred control over 

atomic energy from the military to a civilian federal authOrity, the Atomic Energy 

Commission (AEC). The AEC, the first officiaJly-established agency to oversee 

2 For other reviews of the history of nuclear power, see Rolph (1979), Wood 
(1983), and Morone and Woodhouse (1989). 



the development of nuclear power, assumed control of the organizations 

(mostly national labs) that had been formed as part of the wartime effort to 

develop the atomic bomb (e.g., the Manhattan Project). The 1946 Act also 

created a unified committee of the House and Senate (Joint Committee on 

Atomic Energy) to oversee the AEC. Both the AEC and the Joint Committee 

significantly influenced the course of nuclear power development. 
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In spite of the fact that the AEC was a civilian agency, its legal mandate 

clearly stated that its prinCipal function was to develop atomic energy for military 

purposes. However, development of nuclear power for peacetime applications 

(the production of electriCity) was now an official, if secondary, goal. Military 

and civilian programs initially had little overlap with one another as the 

technologies were, at this point in time, quite distinct. Military projects were 

oriented toward producing plutonium for nuclear weapons. a process that was 

sufficiently unrelated to power producing nuclear reactors that it had little 

influence on its technological development. The technological development of 

nuclear power for civilian purposes basically started with a clean and open 

slate, over a hundred nuclear reactor technologies could have been pursued 

(Morone and Woodhouse, 1989). 

Military applications had an important indirect influence, however. The 

Manhattan Project had largely depleted the known worldwide reserves of 

uranium accessible to the United States. Before the Manhattan Project there 

had been little need for uranium and few verified deposits were known. This 

lack of knowledge about deposits and the fact that a uranium shortage could 

inhibit atomic energy from being converted to a peacetime source of electrical 
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power determined the type of technology that was selected. Breeder reactors 

which would produce as much fissionable material as they burned provided a 

solution to the anticipated shortage of uranium. 

Under the direction of Argonne National Laboratory, a reactor technology 

that could produce the most neutrons for breeding, Le., a fast-breeding reactor, 

was the first to be developed. Fast-breeding reactors were, however, the most 

risky because the rate of fission would be more difficult to keep under control in 

abnormal or emergency conditions and the margin for error was small. Oak 

Ridge National Lab (ORNL) began work on a slow-neutron homogeneous 

breeder reactor and Knolls Atomic Power Lab (KAPL) was funded to develop an 

intermediate-speed breeder. Scientists at these labs also opted for liquid metal 

coolant (sodium) because it removes heat more efficiently than other coolants, 

but sodium explodes on contact with water through which the pipes of coolant 

pass in the steam generator (Morone and Woodhouse, 1989:33). 

Although the first decisions guiding the development of nuclear power for 

civilian purposes were mainly influenced by the suspected shortage of uranium, 

it was soon learned that uranium was plentiful. American reserves alone are 

estimated to exceed several million tons and worldwide reserves are 

considerably higher.3 This fallacious perception had pre-empted selections 

based on considerations of efficiency and safety. Safety. in particular, had not 

figured as a prominent concern. 

3 Nuclear Energy Policy Study Group, Nuclear Power: Issues and Choices 
(Cambridge, MA: Balinger Press, 1977), pp. 71-94; and RM. Williams, "Prospects 
and Concepts," in Leonard G. Brooks and Homa Motamen, eds., The Economics of 
Nuclear Energy (London and New York: Chapman and Hall, 1984), pp.116-144. 



2.2. PHASE II: THE CREATION AND DOMINANCE OF THE NAVAL 

REACTORS BRANCH 
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Shortly after the creation of the AEC, the AEC Division of Reactor 

Development consisting of a Naval Reactors Branch lead by Captain Hyman 

Rickover was formed in 1949. This naval program began to dominate the 

agency; the result was that the civilian program stagnated. Rickover 

successfully persuaded the AEC Commissioners and the Joint Committee that 

national security, due to an immanent threat of Soviet submarine capabilities 

required the development of a submarine powering reactor which would allow 

unlimited submerged endurance at high speeds (Polmar and Allen, 1982:137). 

He rapidly marshalled most of the available resources in support of his 

submarine project. In addition, one of the reactor projects being developed for 

peacetime applications (KAPL's intermediate-speed breeder) was ordered by 

the AEC to be converted to a submarine reactor as a backup in case the PWR 

project was not successful. 

Technological development was now driven by two major requirements of 

the Naval reactor program; (1) the necessity for compactness, and (2) quick 

development (since the submarine project had been justified in terms of an 

imminent Russian threat). These requirements eliminated most reactor types, 

including the breeder reactors that had already been initiated, from 

consideration. On the basis of the two criteria, a pressurized light-water reactor 

(PWR) was selected, even though light (ordinary) water had serious drawbacks 
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as a moderator Crt absorbs more neutrons) and was an inefficient coolant. 

Ught-water reactors were also expected to be less economical in the long run 

than many other possible reactor types. They were, however, expected to be 

relatively easy to develop because they were technologically one of the most 

simple of the possible reactor types. Again, safety did not figure as a major 

concern in the selection. 

The civilian reactor program languished until the early 1950s, when a 

renewed emphasis was given to developing atomic energy for peaceful 

purposes. A new civilian reactor development program was introduced by 

AEC's Reactor Development Division, Whereas safety could have been more 

strongly emphasized at this juncture, it was not. The AEC simply elected to 

pursue development of the reactor types that were furthest along.4 This mearrt 

the three breeder reactors, (the liquid metal fast-breeders, the slow-neutron 

homogeneous breeder, and the sodium graphite intermediate-speed breeder 

reactor), even though the initial reason for selecting breeders no longer existed; 

the supply of uranium had been discovered to be substantial. The navy 

program was also intact and the PWR project was at this time being directed 

toward powering aircraft carriers. 

In 1953, shortly after this civilian reactor program was implemented, the 

Esenhower administration ordered extensive cuts throughout the federal budget 

and the AEC was forced to cancel its reactor projects. But Rickover, with the 

help of AEC allies, managed to salvage the navy PWR project by converting it 

from an aircraft carrier reactor to a power-producing reactor (Hewlett and 

4 See Marone and Woodhouse, (1989:34-40) on the role of sunk investments. 
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Duncan, 1969:228-238). The only groups strongly opposed to this decision 

were the Reactors Development Division of the AEC and several scientists, 

because they feared that this would prematurely close off options. PWRs had 

not been selected with commercial interests in mind; they were relatively 

unsophisticated technologically and were not considered to be as economical or 

safe to operate as many of the other possibilities. Key AEC commissioners and 

Joint Committee members, on the other hand, were easily persuaded to 

advance this reactor project because it promised to have the quickest 

developmental prospects and it was their belief that beating other countries 

(especially the Russians) was important for the international prestige of the 

United States (Morone and Woodhouse, 1989). Rickover's project became 

known as the Shippingport reactor because it was sited at Shippingport, 

Pennsylvania. In light of later events, it is interesting to note that this reactor 

was constructed on time and under budget. 

At this pOint reactor development had been narrowed down to a few 

among many possibilities. Many reactor types which were believed by many to 

have greater long-term prospects were not pursued, and the reactor types that 

were developed had been selected for reasons virtually unrelated to either the 

economics or the safety of commercial energy-production. 

2.3 PHASE III: PRIVATE DEVELOPMENT 

The next phase of nuclear development begins with the 1954 

Amendment to the Atomic Energy Act of 1946, demarcating the roles and 
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responsibilities of the public and private sectors. Beginning with the Manhattan 

Project, private contractors had been heavily involved in federally sponsored 

projects. The relationship between private and public development of nuclear 

power had become ambiguous and, at times, contentious. The Atomic Energy 

Act, which created the AEC, perpetuated the confusion. It established a 

government monopoly over ownership and development of nuclear power while 

stating in the preamble that "the development and utilization of atomic energy 

shall, so far as practicable, be directed toward ... strengthening free competition 

in private enterprise. liS Moreover, the government, in practice relied heavily on 

private industry to conduct research and development, to perform most of the 

actual manufacturing and construction, and to manage the AEC's installations. 

The 1954 Amendment addressed this issue by providing for non

governmental ownership of nuclear power plants, protecting corporate trade 

secrets with more liberal patent provisions, and expressly forbidding the AEC 

from becoming a commercial power producer. Moreover, the AEC was not 

given the authority to guide the overall pattern of commercial development. 

The Congressional Joint Committee was most influential in this decision but it 

was also supported by many in the AEC. 

There were opponents of the 1954 Amendment as well. Opposition 

focused on the lack of explicit federal oversight of development, the restriction 

of public commercial development, and the likelihood that this complete transfer 

of nuclear development to the private sector would create a private monopoly. 

5 Atomic Energy Act of 1946, Public Law No. 79-585, Chapter 724, 60 United 
States Statutes at Large 755. 
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In the first place, existing contractors would have an inside track and would 

easily be able to dominate future development, and secondly, the development 

of public facilities that could successfully compete with the private monopolistic 

producers would probably not exist given the AEC was expressly prohibited 

from any involvement. Most of the opposition was concerned with economic 

issues; only very weak concern was voiced about safety problems that could 

result as a consequence of insufficient government oversight. 

Although Congress was fairly divided on many of these issues, the 

advocates of a fully privatized nuclear industry won a clear victory. Very minor 

concessions were made and they had little impact on stemming private 

development (Morone and Woodhouse, 1989:50). Although some of these 

concerns with private development were raised in a different form in 1956 with 

the Gore-Holifield bill, the bill was defeated. 

Federal attention turned to fostering private development of nuclear 

power. In particular, special arrangements for liability insurance had to be 

worked out. In 1955, the AEC formed an Insurance Study Group which 

developed a system for providing each nuclear installation with $60 million of 

coverage for property damage and liability from accidents through private 

insurers. This coverage was not considered adequate by industry 

representatives who charged that insurers had underestimated the COStS, if not 

the probability, of accidents ~ood, 1983:16). Industry groups threatened to 

halt development, which quickly prompted the AEC and the Joint Committee to 

propose government liability subsidies. The Price-Anderson Indemnity Act of 

1957 provided $900 million coverage beyond the $60 million of conventional 
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insurance. The only objection to the Act carne from unions who argued that 

government indemnification could reduce the incentives for stringent safety 

standards.6 There was in general a lack of interest in this matter, reflecting the 

fact that nuclear safety was not as yet perceived to be a salient issue (Rolph, 

1979:28; Morone and Woodhouse, 1989). 

The AEC attempted to foster private development by implementing a 

Power Reactor Demonstration Program which invited private enterprise to 

submit proposals for development, construction, and operation of various types 

of reactors. To make development affordable, the AEC subsidized the cost of 

fuel and research. Actual construction could not be subsidized because the 

1954 Amendment forbade it. Although most proposals were accepted, the 

submitted proposals were largely restricted to the four reactor types that had 

been previously developed to some extent under the auspices of the AEC. 

Uttle completely new work was proposed. In an attempt to both encourage 

smaller and publicly owned utilities to enter into nuclear power development and 

promote development of small reactors (5-40 megawatts), the AEC offered to 

pay for the reactor portion in addition to the other subsidies. This effort was not 

successful. Even with this level of government assistance, small utilities were 

not able to take the financial risk, nor could they compete successfully for the 

limited supply of requisite technical expertise. The outcome of nuclear power 

may have been changed had this effort worked, but as it turned out, large 

utilities became dominant in the nuclear industry. 

6 Contemporary analysts of the nuclear power industry have echoed this 
objection (see Wood 1983:15-18). 
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In addition to subsidizing private development, the AEC expanded its 

own development program. Although the AEC program continued to focus 

primarily on the same four reactor types, it was expanded to include several 

new types as well. Retrospectively, the most notable of these new reactor 

types was the boiling water reactor (BWR), a variation of the pressurized water 

reactor. The BWR had been rejected previously because of the potential safety 

hazards of allowing water to boil in reactors. Experiments had since 

demonstrated that the safety risks may have been overestimated. The main 

advantage of the BWR was that it was even more simple and, thus, even easier 

to develop than PWRs. General Electric quickly made the BWR its primary 

developmental focus. Other new reactor types included the gas-graphite 

reactor and the sodium-cooled, heavy-water moderated reactor. The gas

graphite was selected because it was thought to be more exportable. Because 

these reactors operated with natural instead of enriched uranium fuel, they 

could be marketed to countries without the resources to build enrichment 

plants. Development of sodium-cooled, heavy-water moderated reactors was 

only to be undertaken if further tests indicated that operational hazards could be 

resolved feasibly (the problem being that sodium and water are chemically 

incompatible). Although most new reactor types were selected for immediate 

economic reasons, some relatively complex technologies were pursued for their 

long-term prospects of operational efficiency and safety. 

Neither operational safety nor long term efficiency were the primary 

consideration for the majority of the eleven reactor types being developed at 

this time. Further, the ones that were least complex and thus easiest to 
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develop O.e., the PWR and BWR) advanced most rapidly. In fact, construction 

on three PWR reactors had begun even without any AEC support. Although 

the BWR was the most simple, the PWR had a large head start due to the 

Navy projects. Because manufacturers were in the business of developing and 

selling reactors, not operating them, they tended to select those reactors with 

better short-term developmental prospects. In addition, the prototypes for these 

light water reactor types were larger (greater megawatt capacity) which would 

make them more attractive to utility buyers. As the AEC came under increasing 

pressure to begin evaluation of the various reactor projects and to eliminate 

those that were the least viable, it was difficult to justify the more complex 

reactor projects on the basis of their better long-term prospects given private 

development had clearly taken a different direction. 

The decision to involve private enterprise had a tremendous effect on the 

resulting technology. Although the AEC did not subsidize projects that were 

obviously nunsafe, n it no longer had the authority to oversee reactor design and 

development. Had the government retained its control over the development of 

reactor technology, the more complex technologies may have fared better.7 

Private commercial involvement significantly influenced the development 

of nuclear power in three other important ways. First, and most importantly, 

reactor deSigns became increasingly larger On order to take advantage of 

7 The fate of nuclear power under government control, however, is difficult to 
conjecture. There may have been sufficient forces within the govel'llIllent pushing 
for quick development over longer-term prospects resulting in the outcome being 
much the same. The initial developmental phase under the direction of the AEC 
did not necessarily evidence greater foresight or intelligence, but thel"e was, at 
least, a strong contingent of scientists within the Reactors Development Division 
pushing for more sophisticated technologies. 
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economies of scale). Second, there was a lack of standardization. Third, 

existing regulation of utilities contributed to an over-investment in nuclear power 

since the government was subsidizing many of the costs. 

Both General Electric and Westinghouse, the main producers of reactors, 

attempted to use economies of scale to price reactors competitively with what 

utilities were paying for coal-fired plants (Bupp and Dorian, 1981:42-55). 

Reactors developed during this period were as much as 7 times larger than any 

that currently existed, reaching 1,029 megawatts capacity in 1969. The pay-off 

was that utility companies ordered nearly a hundred reactors from 1965-1970. 

The cost projections, however, proved to be unrealistic. Most importantly, the 

increased size of reactors had disastrous effects for safety and, subsequently, 

for the economics of nuclear power (although construction costs increased most 

drama1ically, operational costs also increased). 

The AEC's safety requirements had up until this point focused on the 

construction phase. Their initial orientation to the safety issue emphasized 

Dsiting,a keeping reactors as isolated as possible from society. The first site 

selected for reactor testing was a barren desert about forty miles from Idaho 

Falls (population of 20,000 at the time). However, when KAPL decided it would 

discontinue its work if a test site close to its laboratory just outside 

Schenectady, New York could not be approved, an alternative solution based 

on acontainment" was devised. The facility was to be built in as remote a site 

as possible within the prOximate area but the key guarantee of safety would 

hinge on the entire structure being enclosed in a gas-tight steel dome. 



Wrth the advent of larger reactors, it was not possible to devise siting 

and containment techniques that could guarantee safety under the "maximum 

credible accident" scenario (Kingsley, 1965:339-341)8, and the emphasis 
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shifted to "prevention" instead (Rolph, 1979:60; Morone and Woodhouse, 1989). 

Prevention was already being emphasized in the submarine projects since 

neither remote siting nor containment were viable approaches in a submarine 

setting. Although more stringent measures were required for commercial 

nuclear power plants, the basic approach was the same.9 Basic prevention 

strategies included: 

• quality control measures 

• standardization of operator training and testing procedure 

• program auditing 

• increasing the margin for error 

• functional redundancies 

• automated emergency safety systems 

8 The inability of containment to work for large accidents was first pointed out 
in the "Ergen Report," published in 1967. There are researchers (i.e., Hans 
Hennies, Giinter Kessler and Josef Ebil of the University and Nuclear Research 
Center of Karlsruhe, West Germany) who are continuing to work on improved 
containment designs to guarantee the safety of large reactors, however, the 
success of these projects has not yet been determined. 

9 More stringent requirements were particularly directed at the loss of coolant, 
the main threat to containment. Prior to 1966, emergency cooling systems (ECS) 
were designed to compensate for small problems; in a major accident, the ECS 
could not replace coolant quickly enough to prevent at least some melting. Since 
smaller reactors were containable, the risk was considered acceptable. New 
reactors were ordered to be equipped not only with an up-graded ECS, but with 
two completely independent ECSs (Morone and Woodhouse, 1989:88). 
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The last three elements are components of what is termed "engineered 

safety" and are oriented toward defense-in-depth. Engineered attempts to 

enhance safety are essentially add-ons to the existing reactor technology and 

are not the same thing as "inherently safe" reactor technology--something that, 

according to many scientists, would have been possible if other reactor types 

had been developed (Morone and Woodhouse, 1989). IIPreventiona through 

engineered safety, as opposed to guaranteeing safety through "siting" and 

"containment," resulted in making it impossible to conclusively demonstrate that 

reactors were "acceptably" safe10 (Morone and Woodhouse, 1989:88). 

Prevention requires that every possible malfunction and sequence of 

malfunctions be foreseen in advance and that reactor designs be adapted to 

handle all eventualities. By contrast, the task of defining the worst possible 

accident and its effects and estimating the ability to contain or isolate these 

consequences was a far simpler matter. The difficulty of ensuring adequate 

nprevention" had a huge financial impact on the construction of nuclear power 

plants because safety add-ons were very expensive. Once a utility was granted 

a construction license, it was required to meet numerous safety regulations 

having to do with emergency coolant systems, redundant safety systems, 

auxiliary power sources, etc., before an operating license would be granted. 

Private development also led to reactor and plant diversity and thus a 

lack of standardization. Fortunately, given that there were four different 

manufacturers (originally fIVe), only two basic reactor types were developed 

10 An additional problem that hindered initial attempts by the AEe to 
regulate nuclear power was the lack of any guidelines in early legislation about 
what an "acceptable" level of safety should be (Wood, 1983:6; Rolph, 1979:28). 
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(BWRs and PWRs). Each manufacturer, however, employed somewhat 

different initial designs and with the advent of periodic competitive updates, 

reactor diversity became increasingly significant. Moreover, twelve architect

engineering firms competed for the utilities' construction business and each 

plant was virtually custom-built. Opportunities for cumulative learning were few 

since each plant was fairly unique and there were so many parties (the different 

architect-engineering firms being hired and the utilities hiring them) involved. 

The American nuclear industry is the only one of significant size in the world to 

have so little standardization (Morone and Woodhouse, 1989:113). As a 

consequence, construction inefficiencies became a major problem. The 

diversity of reactors and plants also made it difficult to effectively regulate the 

industry. It was impossible to regulate the manufacturing of reactor 

components, pOintless to directly monitor construction or to specify construction 

requirements with much precision, and difficult to standardize and regulate 

operations. In these ways, the lack of reactor and plant standardization has 

contributed to safety not being effectively maximized.11 

Finally, the privatization of nuclear power led to over-investment. 

Although this was partially due to faulty projections of the growth in demand, 

existing economic regulation of utilities based on cost-plus rate making creates 

incentives for industries to over-invest in capital (Turner, 1964:372-373).12 

11 Another factor leading to problems with safety is that the private 
manufacturers and design-engineering fmns constructing the plants had no 
liability for nuclear accidents. 

12 Cost-plus rate making involves the government calculating the costs of 
producing electricity, including capital costs. The regulatory agency then allows 
the utility a "reasonable" rate of return. Since the government often lacks the 
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Over-investment tendencies were particularly disastrous given that demand for 

electricity grew more slowly than expected. Utilities expected the 7-8% average 

increase in demand per year during the 1950s and 1960s to continue 

indefinitely (romain, 1987:85). Instead, the OPEC oil embargo of 1973 

motivated both residential and commercial consumers to adopt conservation 

measures to reduce consumption, and utilities were faced with a situation of 

excess generating capacity. 

Ught water reactor technology, larger designs, and diversity were the 

direct results of private manufacturers trying to make profrts. Regulatory 

difficulties, construction inefficiencies, and over-investment in capital were the 

unintended consequences of private capitalists' choices under weak public 

(AEC) constraints. This particular combination of private enterprise and state 

control seems to have produced the worse features of both. Nuclear power 

was characterized by externalities dangerous extremities coupled with 

inefficiencies. 

2.4 PHASE IV: THE CREATION OF THE NRC 

As more nuclear power plants were built with larger reactors, safety 

became an increasingly salient issue, moving from the scientific and regulatory 

circles to the public arena. Utility licensees soon found that the public was 

more of an obstacle than AEC regulatory hurdles. The first major public 

information necessary to know what optimal capital costs would be, and since 
utilities can benefit by transferring other costs to capital, both capital costs and 
"reasonable" rates of return become inflated. 
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protests occurred in 1962 and 1963 in opposition to two proposed plants in 

California (Gorison, President's Commission, 1979:10). Public protests 

managed to halt several nuclear power plants from coming on-line by tying the 

issue up in court. 

One response to this concern was the Energy Reorganization Act of 

1974. Since their primary mandate was to promote nuclear development within 

the private sector, the AEC was not perceived to be an effective regulator of 

nuclear power plant safety 0/Vood, 1983:23-24; Gillette, 1972:920-975). Most of 

the problems with AEC regulation stemmed from its focus on promoting the 

growth of an "infant industry." Safety needs were only considered within the 

limits of maintaining economic viability (Rolph, 1979:77). The earlier 

reorganization of the AEC designed to separate promotional and regulatory 

functions did little to help matters. Much more drastic change was needed. 

Further, little safety testing was done, especially prior to the early 1960s, thus, 

the AEC lacked the information necessary to make good risk assessments. As 

a result, the AEC consistently underestimated safety risks ~ood, 1983:23-24). 

The AEC also lacked the staff necessary to adequately monitor plant 

performance, relying on information provided by the plants themselves. Even 

when safety violations were detected, AEC sanctions were conSistently below 

the maximum allowable (Rolph, 1979:32). 

The AEC was dismantled and replaced by: (1) the Nuclear Regulatory 

Commission (NRC) which took over the function of regulating the nuclear 

industry; and (2) the Energy Research and Development Administration 

(predecessor of the Department of Energy) which took over the responsibility 



for reactor development The Joint Committee on Atomic Energy was also 

abolished and replaced by more than a dozen specialized committees and 

subcommittees in the House and Senate. 
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Unfortunately, the NRC faced many of the same problems that 

confronted the AEC. In theory it was an independent agency concerned only 

with safety, however, its mandate was not altogether clear. While it may not 

have been possible for the Energy Reorganization Act to provide standards for 

safety or clearly define regulatory functions, it also failed to give any guidance 

concerning what costs should be paid for safety ~ood, 1983:6). In addition, 

many AEC staff members and directors simply moved over to the NRC and 

many additional top personnel were recruited from either the regulated industry 

or the nuclear navy. Not surprisingly, a strong orientation to foster the industry 

remained CNood, 1983:23-24). 

A further complication was that although the NRC was established 

because it was believed that safety regulation would be enhanced by having 

separate agencies concerned with economic and safety regulation, the 

relationship between economic and safety considerations was not easy to 

disentangle. In particular, the NRC was concerned that the economic health of 

the utility was a critical factor in nuclear power plant safety. One of the few 

major considerations for granting a construction permit was the financial health 

of the utility. The requirement that applicants for a construction permit 

demonstrate that they are finanCially qualified to construct the plant, meet all 

the safety requirements, and eventually, the fuel cycle operating costs, 

originated with the AEC in 1956. Beyond the financial qualification reviews and 
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the safety requirements, there was little more that the NRC could do given 

construction was so individualized. UttIe actual inspection or oversight occurred 

until the licensee filed for an operating license, at which time a thorough 

inspection was required to ensure that the safety requirements had been 

satisfactorily met. The NRC was not overly restrictive in granting operating 

licenses; in fact, public protest and court hold-ups were more of a problem.13 

Moreover, the NRC has never revoked a license, and only once was a license 

suspended (Gorinson, 1979:123). 

Prior to the accident at Three Mile Island (TMI) in 1979, the NRC was 

primarily concerned with the major technological requirements associated with 

its licensing activities. According to Stever (1980:39), "NRC is so preoccupied 

with the licensing of plants that it has not given primary consideration to overall 

safety issues. n There was also an on-going process of prescribing additional, 

mostly technical, requirements and monitoring for compliance through periodic 

inspections once the plant was licensed. However, as under the AEC, most of 

the information about compliance and safety problems continued to come from 

the industry itself (Gorinson, 1979:96). The NRC not only lacks the staff 

necessary to gather the necessary information directly but the staff cannot even 

adequately review all the information it requests from the industry (Gorinson, 

1979:116). 

Regulatory oversight increased substantially after TMI. The main effect 

of the accident was to expand the NRC's focus from major technological 

13 In 1983 the Supreme Court ruled that states had the right to veto the 
licensing of nuclear power plants (Fox, 1983:562), which increased the difficulties 
of the industry and focused public protests on state governments. 
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concerns to all potential technological problems. Secondarily, the accident 

demonstrated that even a very broad technological orientation was too narrow. 

In particular, the importance of human factors, human reliability, and emergency 

preparedness were highlighted. The result was that regulatory prescriptions 

increased, having a big impact on nuclear power plant operations and costs. 

Increased regulation led to increased operating costs (romain, 1987:2) 

and a great deal of debate as to whether tum toward more prescriptive NRC 

regulation was effective ~ood et aI., 1978; Wood, 1983). Wildavsky (1983) 

has accused the NRC of unnecessarily driving up the costs of nuclear power 

and enacting so many regulations that priorities have become unclear and 

enforcement has become impossible. The utilities themselves have made 

similar complaints about the "vague" and "trivial" nature of NRC regulation 

~ood et aI., 1978:12). On the other hand, critics have complained about the 

inter-penetration and closeness between the agency and the industry it is 

suppose to regulate. The NRC has been accused of not taking strong positions 

on safety and being too timid in using sanctions ~ood, 1983; Gorinson, 

1979:123). The NRC rarely uses its most severe penalties, and typically 

imposes minimal fines (Gorinson, 1979). Few observers conclude that safety 

regulation has been economical or particularly effective. The question is 

whether given the situation and the particular technology confronting the NRC, 

safety regulation could have been a great deal better. 



58 

2.5 FINAL PHASE: THE DECLINE OF THE INDUSTRY 

Nuclear power is now a political and economic disaster. As Forbes 

noted in 1985, "The failure of the U.S. Nuclear Power Program ranks as the 

largest managerial disaster in business history . . . The utility industry has 

already invested $125 billion in nuclear power, with an additional $140 billion to 

come, ..• and only the blind, or the biased, can now think that most of the 

money has been well spent."14 

While the capital costs of nuclear power plants were expected to be 

greater than other energy-producing plants, the costs have exceeded what 

some utilities and their financing sources have been able or willing to bear 

(Komanoff, 1981; Campbell, 1986; Brooks and Motamen, 1984). It takes twice 

as long (12-14 years) to build a nuclear power plant as a coal-fired plant, and 

the difference is largely due to regulatory hurdles and court challenges initiated 

by environmental groups. Utilities have canceled more than a hundred orders 

for reactors, and 113 that are now in some stage of construction will be 

converted or dumped (romain, 1987:3). This number exceeds the number of 

reactors that have been successfully completed and brought on-line (only 118 

nuclear power reactors are currently operating). 

The expected advantage of nuclear power plants was that once they 

were built lower operating costs would offset these initial capital investments. 

For this reason, nuclear power plants were intended to operate at full capacity 

14 James Cook, "Nuclear Follies" Forbes, February 11, 1985, cover page. 
Perhaps the Savings and Loan debacle now rivals this disaster. 



24 hours a day, only shutting down once every 9-18 months for refueling, 

testing, recalibrating, and all maintenance activities that can not be conducted 

while the plant is operating. 
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However, the operating performance of nuclear power plants has been 

extremely poor in many instances. Many plants are not operating at their full 

capacity (meaning full availability except during refueling). Nuclear power 

plants are in most cases intended to operate at full capacity to meet baseload 

demand O.e., the portion of total demand that does not vary by time of day or 

by season; as more or less energy is required other non-nuclear units adjust to 

this variation in demand). When a nuclear power plant is not operating at full 

capacity. the amount of power lost must typically be replaced by alternative, 

usually more expensive O.e., non-nuclear) sources. Therefore, utilities do not 

willingly operate at less than full capacity and decreased capacity is usually 

caused by equipment failures due to poor plant management, maintenance 

programs, quality control, etc. As a consequence, increasingly stringent 

regulation is being adopted by an increasing number of state Public Utility 

Commissions (PUCs) in which nuclear units are required to meet some 

specified performance standard before all operating costs are automatically 

passed onto ratepayers. PUCs also have been disallowing some of the 

construction costs when imprudence on the part of management can be 

demonstrated. 

NRC regulation has also decreased the operating advantages of nuclear 

power plants. An analysis by Hewlett and Mayes (1989) estimates that 

changes in NRC regulation accounted for at least 70% of the increase in 'real' 



Qnflation-adjusted) operations and maintenance (O&M) costs and 60% of the 

increase in ureal" capital additions costs.15 
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Although nuclear power operating efficiency O.e., costs of power 

production relative to power output) is still better than most forms of producing 

energy (with the exception of hydro), if construction and capital costs are 

included, nuclear power is more costly than all other forms, including oil, gas, 

and coal (romain, 1987:20). While most utilities have experienced economic 

difficulties during the past decade, the utilities most heavily invested in nuclear 

power are in the worst financial shape (romain, 1987:80,86,87; Nesse, 1982). 

This is especially significant given that the larger and financially better off 

utilities were the ones that initially invested most heavily in building nuclear 

power plants. Very few utilities have operated nuclear power plants at a profit. 

Not only was the expected cost advantage of nuclear power eroded, but 

utilities' ability to raise funds in the bond and stock markets deteriorated as their 

total indebtedness due to nuclear investments grew, and nuclear investments 

resulted in excess generating capacity due to decreased demand. These 

problems were further exacerbated by the general economic situation, 

particularly the high rates of inflation during the 70s. 

The scale up of light-water reactors is the major factor affecting both the 

economic and safety problems of nuclear power plants. Larger reactors have 

15 Changes in NRC regulation was measured indirectly using time as a proxy 
and, thus, are not distinguishable from the effects of industry experience leading 
to learning and other unmeasurables that may have a depressing effect on costs. 
Therefore, the effects of NRC regulation may be underestimated. A more direct 
measure of NRC regulation (number of civil penalties) accounts for even more of 
the increase in O&M and capital additions costs. 
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more operating problems and have caused the increase in regulatory 

requirements (Rolph, 1979:79). Had the size not increased, nuclear safety 

would have been less elusive and far less expensive. Although the rationale for 

developing larger reactors was economies of scale, these economies have not 

been realized as a result of the consequent costs associated with safety issues 

and concerns. 

Since the mid-1960s, the issue of whether nuclear power plants are 

"acceptably" safe has been debated, both in reasoned and in emotionally

charged ways. The Reactor Safety Study (Rasmussen, 1975) was the first 

attempt to quantitatively estimate the probability and severity of accidents by 

employing an analytic technique known as "fault tree analysis. II This technique 

attempts to identify all the possible sequences of errors and malfunctions that 

could lead to serious accidents and then estimates the probability of accidents 

based on the probabilities of the component errors/malfunctions. It is possible 

to develop fairly reliable estimates of the likelihood of these smaller events 

which then are used to provide an estimate of all identified accident sequences. 

The Rasmussen study concluded that the probability of accidents was very low, 

one in a billion per reactor per year, and that reactors posed lower risks than 

many technologies that are accepted by the public, such as dams and 

airplanes. AThis study also estimated that the worst possible accident would 

result in 3,300 proximate fatalities, 1,500 latent or distant fatalities, and 45,000 

illnesses. 

The advocates of nuclear power were disappointed that this study did not 

suppress controversies over its safety. Most non-proponents did not accept the 
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methodology as conclusive because: (1) the probability that all accident 

sequences can be identified in advance is perceived to be low; (2) the 

importance of very minor malfunctions can be easily overlooked; and (3) the 

method is largely based on hardware reliability and has not, and probably can 

never, adequately incorporate human reliability. In response to this study, the 

Union of Concerned Scientists conducted their own study which estimated the 

risk to be 20 to 60 times greater than that estimated in the Reactor Safety 

Study rNood, 1983:41). Although the odds are still small, 20-60 in a billion per 

reactor, this risk is far from infinitesimal once the proliferation of nuclear risk is 

taken into account. Very small probalities per reactor can rapidly grow to 

unacceptable levels. Wolf Hafele (1990) estimates that at the present level of 

nuclear electrical production of 400 gigawatts (1 gigawatt of electriCity [GWe] 

equals 1,000 megawatts [MWe]), PRA estimates suggest a major radioactive 

leak would be expected every 100,000 years. He also suggests that nuclear 

generation will have to increase to two terawatts (1 TWe of electriCity equals 

1,000 Gwe) by the year 2030 in order to meet our Mure energy requirements. 

If the current PRA estimates are applied to the two-terawatts scenario, a major 

radioactive lead would occur every 40 years (thus, the odds of one in a billion 

per reactor quickly takes on a different meaning). Nuclear safety must be 

drastically improved if we are to rely on this form of energy in the future. 

Wrth the occurrence of a few accidents, concern with safety quickly 

moved from scientific circles to the public. Even though the consequences 

were contained and the harm to employees and the surrounding populations 

was negligible, accident occurrences made the probability of a catastrophic 
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event appear far less remote and academic. The first major incident was the 

potentially catastrophic fire at the Browns Ferry plant in Alabama which was 

started by a maintenance worker using a candle instead of a flashlight. The 

Three Mile Island (TMI) accident outside Harrisburg, Pennsylvania in 1979 was 

the critical turning pOint. Although the independent presidential commission that 

studied the accident16 concluded that the accident was no more damaging to 

pubic health and safety than a minor car crash, it also confirmed the public's 

fears that nuclear power plants were not "safe" and made it apparent that the 

industry and the NRC were in a state of basic disarray. 

The accident lent credence to the criticisms of Rasmussen's Reactor 

Safety Study by demonstrating that: (1) human errors and human factors were 

much more important than had been recognized; and (2) that regulators and 

others had previously been too oriented to "Significant" malfunctions, such as 

failures in the cooling system (Morone and Woodhouse, 1989). The TMI study 

also demonstrated that "engineered safety" could not have prevented the 

accident, although it did prevent serious consequences from resulting from the 

incident. The study further concluded that even had the accident continued for 

several more days: (1) there would have been several opportunities to 

ameliorate the situation; (2) if the situation had not been ameliorated and the 

core did melt, it would have probably solidified on the floor of the containment 

building; and (3) had the core melted through the floor (the worst case 

16 President's Commission on the Accident at Three Mile Island, The Need for 
Change: The Legacy of TMI (Washington: U.S. Government Printing Office, 
1979). Also see Okrent and Moeller, "Implications for Reactor Safety of the 
Accident at Three Mile Island, Unit 2," Annual Review of Energy, vol. 6. 
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scenario-a uChina SyndromeU
), the hard rock below would have trapped most 

of the radioactivity (Morone and Woodhouse, 1989). 

There has been a great deal of debate about whether public fears about 

the safety of nuclear power are irrational. Many observers believe that the U.S. 

public has behaved irrationally in rejecting nuclear power (see Cohen, 1983; 

Deutsch, 1987; Wildavsky, 1983). Although there have been a few incidents, 

the nuclear industry's safety record can be argued to be better than that of 

many, if not most, major industries.17 

Social psychologists have identified several factors that may account for 

public opinion toward nuclear power (see Fischhoff et aI., 1984; Siovic and 

Uchtenstein, 1982:17-34; Lee, 1981 :15; Tversky and Kahneman, 1981 :453-

458). The most important findings are that: 

(1) at some point the catastrophic potential of the hazard becomes 

more important than its probability 

(2) unfamiliar hazards are less acceptable than familiar hazards and 

(3) involuntary risks are less acceptable than voluntary risks. 

Public opinion was not initially negative,18 but the decreased certainty of 

containment accompanying the larger reactors and the heightened awareness 

as a result of TMI could account for the shift in public opinion. Another 

17 Moreover, the risks associated with other sources of energy are substantial: 
aging dams pose a more imminent safety concern; coal emissions lead to acid rain 
and global warming; and reliance on oil leads to dependence on OPEC countries 
and potential political and economic instability (Morone and Woodhouse, 1989:3). 

18 It was only in 1983 that a majority of the American public opposed nuclear 
power; by the late 1980s a substantial majority were opposed (see Nealey et al., 
1983; Freudberg and Rosa, 1984; poll results by CBS and Gallup reviewed in the 
New York Times, 1986:4; Flavin, 1987). 
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important factor is that nuclear power did not have the expected economic 

benefits. Had nuclear power been as economically advantageous as had been 

initially hyped, public opposition may have been more restrained. In Japan, 

although public opinion surveys are not available, public opposition has been 

much less of a factor; ut then Japan has derived greater economic benefits 

from nuclear power and is much more dependent on it. 19 

Wildavsky (1989) provides a macro-level cultural account of attitudes 

toward nuclear power. He argues that different political cultures result in 

different appraisals of the risks of technologies. Egalitarian political cultures 

tend to view the risks of nuclear power as high and thus unacceptable, whereas 

hierarchical and individualistic/competitive political cultures tend to view such 

risks as more minor and acceptable. This implies that attitudes toward nuclear 

power will be a function of the larger political climate. If egalitarianism gains 

ground, more will oppose nuclear power; if hierarchical or individualistic cultures 

become more prevalent, attitudes toward nuclear power will become more 

favorable. Morone and Woodhouse (1989) explain the differences between 

more and less democratic countries as due to the fact that in less democratic 

countries there is less opportunity to protest nuclear power plants; not that 

people are any more accepting of the risk. Also the public may be swayed by 

the portrayal in the media; therefore, in less democratic countries the media 

19 This is the result of the lack of delays and costs due to public opposition 
and the relative lack of alternative sources of energy in Japan. Government 
control and oversight of this industry is also much greater in Japan and their 
safety record is quite impressive. 
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may be less able to inflame the public to near "irrational" resistance of nuclear 

power. 

2.5.1 The Present Situation 

BaSically there is agreement that nuclear power as it currently exists has 

come to an end. The demise of nuclear power may not be an absolute demise. 

Many believe a new age of nuclear power is on the horizon (see Reutler and 

Lohnert, 1983; Weinberg et aI., 1985; Udsky, 1988; and Golay and Todreas, 

1990). Efforts are now underway to bring about a new age of nuclear power 

with advanced reactor designs. The likelihood of a future era of nuclear power 

in the U.S. will depend on whether this new form of nuclear power can avoid 

the problems of older designs.20 Thus much of the concern with safety is now 

being focused on future reactors. 

Concern with the safety of currently existing nuclear power plants should 

not waiver just because the safety battle has been in some sense won. 

Understanding how existing nuclear power plants can be made to operate more 

safely is especially important given the decline of this era of nuclear power and 
"". 

the poor financial standing of many utility licensees. Moreover, existing plants 

are aging and many will be applying for life extension operating licenses. The 

20 Many scientists do not believe that the world's future energy needs can be 
met without nuclear generation facilities. In 1989, nuclear energy accounted for 
16 percent of the world's electricity (426 nuclear reactors were connected to the 
global grid with a net generating capacity of 318,271 megawatts of electricity 
[Mwe]). Another 96 reactors are being constructed, which when completed will 
increase the total generating capacity to 397,178 M we. 



first commercial plant will be reaching the end of its 40 year operating license 

and will be applying for relicensing in 1997. 
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Although greater emphasis was given to safety after TMI, the approach 

most often taken remains too narrow in scope. In spite of the fact that it is now 

clear how large a role non-technological factors played in nuclear reactor 

development, attention continues to focus on technological issues of safety. 

The orientation toward safety in nuclear power plants almost exclusively 

focused on "engineered safety" until after TMI. Following TMI, some analyses 

of safety began to include human factors, emergency preparedness, employee 

reliability, etc. However, more macro issues such as organizational and 

institutional factors have received much less attention and scrutiny. Both the 

issue of relicensing of aging plants and new "advanced" reactor designs have 

had the effect of redirecting attention to technological considerations. 

An analysis of the current situation can be divided into two components: 

(1) the safety of new advanced reactor technologies and (2) non-technological 

factors that may have significant consequences for the economic and safety 

performance of both the current and future generation of nuclear power plants. 

2.5.2 New Reactor Designs 

"Inherent safetyn21 is essential if nuclear power is to have a future 

resurgence. Although inherent safety may have been possible from the 

21 Inherent safety means that the reactor itself is "safe" without relying on 
peripheral safety systems. 
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beginning, this chapter has shown why less safe options were chosen instead. 

Since TMI, interest in intrinsically safe reactor technology has re-emerged. 

Several manufacturers are developing new reactor designs. General 

Atomic has proposed a small scale, modular gas-cooled reactor, several of 

which could be linked together as modules to form a larger facility. Safety lies 

in the relatively small size of each reactor module and in the unique nature of 

the fuel. The fuel is in the form of small pebbles approximately the size of 

billiard balls. Each bit of fuel (uranium) is surrounded by a combination of 

graphite, carbon, and ceramic which functions like a small containment vessel. 

A small version of this type of reactor has been operating in Germany since 

1966. It has been subjected to tests which have borne out its fail-safe nature 

(for more information see Reutler and Lohnert, 1983; Weinberg et aI., 1985; 

and Udsky, 1988). 

There are also several inherently safe light water reactors being 

developed. Passive features and novel approaches to containment are the 

main attributes. PIUS (Process Inherent Ultimate Safety), proposed by the 

Swedish Atomic Energy Agency, submerges the reactor core and primary 

coolant circuit in a large reactor vessel of pre-stressed concrete nearly filled 

with borated water (boron is a material that absorbs neutrons, thus slowing the 

rate of fission). A pump failure depriving the core of coolant would no longer 

require complicated emergency cooling systems, rather, natural thermal 

convection would draw cold water into the core from the containment vessel. 

General Electric has developed a similar design in which the reactor is 

suspended in a pool of sodium that would serve as a coolant in much the same 
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way. Lastly, Westinghouse has been working on a deep-well, passively cooled 

reactor, again combining passive core melt prevention with a novel type of 

containment. (For greater detail on the PIUS and other inherently safe Iight

water designs see Weinberg, 1983 and Hannerz, 1983). 

2.5.3 Non-Technological Factors 

In spite of all the organizational and institutional changes that have been 

occurring in this industry, little research has been directed at the effect of these 

changes. Even economic changes which have been the subject of much 

debate have been subjected to little empirical investigation. For example, there 

are very few NRC funded research reports on the effect of financial health of 

the utility on safety and economic performance at the plant level. Those that do 

exist tend to be rather limited in scope (for example, Hendrickson et aI., 19n, 

investigated the effect of the financial health of the utility at the point of granting 

a construction permit on over all SALP ratings over the plants operating 

history). 

The primary reason for this inattention to organizational and institutional 

factors is that they are perceived to be too remote to make much of a 

difference, and they fall outside the purview of the NRC. Even if organizational 

and institutional arrangements were found to have important consequences for 

nuclear power plant outcomes, regulators cannot intervene and change these 

factors. Therefore, funding for this type of research cannot be justified. 

However, organizational and institutional effects on nuclear power plant 
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outcomes are not merely of theoretical interest, there may be lessons to be 

learned which could enhance social control of risky technologies in the Mure. 

The rest of this dissertation focuses on the potential safety implications of non

technological factors. 

2.6 CONCLUSION 

The economic viability and safety of nuclear power are clearly not what 

they could have been. The early decisions which gave direction to the 

development of nuclear power technology were guided by more immediate 

concerns. While neither safety nor long-term operating efficiency were the 

driving force behind the evolution of nuclear power reactor technology, they 

have since become the major factors governing U.S. utilities experience with 

nuclear power plants. 

The development of nuclear power can be seen as a path dependent 

process (David, 1975). Each major decision set up constraints that influenced 

later decisions, often in unintended ways, and determined the technological and 

organizational parameters of nuclear power plant safety and economic viability. 

The effects of these initial decisions were not easily altered, especially the 

higher the sunk investment, the more difficult it became to change direction. 

Current decisions must now be made within these unintended structural 

constraints. The current situation has recently been made worse by the 

financial problems and utility restructuring affecting the relations between 
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utilities and plants. The rest of this dissertation will explore the consequences 

of these changes for nuclear power plant safety and economic performance. 

The following chapters address the relationship between economic and 

safety outcomes at the plant level and how these continue to be affected by 

organizational and institutional factors. Although it is now clear that nuclear 

power plant outcomes are affected by much more than technology, many 

potentially important organizational and institutional factors have been virtually 

ignored. 

The relationship between economic and safety outcomes has been a 

prominent concern of the institutional regulators of nuclear power. Beginning 

with the AEC, and continuing with the NRC, the possible trade-off between 

economic performance and safety has been a recurring issue. The AEC tried 

to facilitate the economic viability of the industry by down-playing safety 

requirements. On the other hand, the NRC has been accused of hindering the 

economic performance of plants by imposing costly safety regulations. These 

comments imply certain assumptions about how safety and economic 

performance are related; however, the relationship has never been 

systematically investigated. In the next chapter of this dissertation theoretical 

arguments regarding this relation are elaborated. 
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3.0 SAFETY AND ECONOMIC PERFORMANCE: 

THEORETICAL APPROACH AND RESEARCH AGENDA 

A comprehensive model of the determinants of nuclear power plant 

safety and economic performance does not yet exist. Most previous research 

has been oriented toward solving particular practical problems or 

addressing highly specific issues. The lack of prior work on this topic 

dictates that this research will be largely exploratory in nature. This does 

not mean that this research will be atheoretical. This chapter describes the 

theoretical model and outlines the research agenda. 

The first section of this chapter describes the theoretical approach. 

The major theoretical focus involves the agency relation between utilities as 

principals and plants as agents. Although this general theoretical 

framework is taken from ecomonics (see Jensen and Meckling, 1976), its use 

in this dissertation is distinctly sociological in its focus on the relationships 

between organizational levels. The subsequent sections analyze the effects 

and inter-relationships between three main organizational levels: (1) 

nuclear power plants; (2) utilities that own and control the plants; and (3) 

the NRC. While not all of the theoretical issues affecting nuclear power 

plant safety and efficiency can be empirically investigated (due to a lack of 

variation in the structural conditions affecting plants and/or a lack of data), 

several key issues that lend themselves to empirical investigation are 



distilled from the general theoretical discussions to provide the foci of the 

data analysis segments of this dissertation. 

3.1 THEORETICAL PERSPECTIVE 
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Safety and economic performance outcomes vary at the level of the 

reactor unit (technological core) within nuclear power plants. These 

outcomes are affected by: (1) the internal dynamics and organizational 

structure of the plant; (2) characteristics of the larger organizational 

structure, such as the variations in the nature of plant-utility relation and 

the incentive structure of the utilities that own the plants; and (3) the 

technical and institutional contexts (particularly, the actions of the NRC). 

Therefore, a theoretical analysis of the determinants of safety and economic 

outcomes must include arguments about the causal factors at work at each 

of these levels. 

Perhaps the most important of these organizational factors is the utility

plant relation, since it expected to shape factors at the plant level and 

mediate the effects of the institutional level. First, since utilities own 

plants, they can control and modify plant organization and operations. 

Plants are also dependent on utility owners for resources. Second, 

regulatory agencies can control plants only indirectly, through the utility 

licensee. Therefore, the utility-plant relationship may in part determine the 

effectiveness of government regulation. Since the relationship between 



utilities and plants is so central, it is used as the framework within which 

other organizational factors are discussed. 
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Although utilities own plants, they do not directly run them; they must 

delegate power to plant managers. This is a classic agency relation, since 

utilities (as principals) delegate power to plants (their agents) whose actions 

affect the well-being of utilities (Jensen and Meckling, 1976).1 The primary 

problem in agency relations is information asymmetry. Agents always have 

more information than principals, since they are the more proximate actors. 

Principals thus face a problem of control in attempting to induce agents to 

act in their interests. 

Agency theory as employed here to model utility-plant relations does not 

focus exclusively on the dynamics of information asymmetries. Information 

asymmetry is only one of several factors affecting the principal's ability to 

exercise effective control. For example, control may also be affected by the 

incentive structure of the principal(s). Problems of control resulting from 

the number of principals and the number and diversity of agents comprise 

the main orientation of this research project. As the result of recent 

changes in ownership patterns and the larger organizational structure of 

nuclear power plants (to be discussed more fully in the next section and in 

chapter 6), the utility-plant agency relation has been altered in two 

significant ways. The first is due to the utility owning and operating 

multiple generating plants (often primarily non-nuclear plants). The basic 

1 The situation is in fact more complicated. Since utilities and plants are both 
corporate actors, agency relations exist within each as well as between them. 
However, we will ignore this complication in this model. 
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argument is that as the number of diverse agents a principal must control 

increases, control becomes more difficult (due to increasing information 

overload). I will refer to this as the "multiple-agents problem." A second 

recent change in ownership involves several utilities owning portions of a 

single plant. In this situation, one utility (the licensee) is delegated to 

control the plant, and pays the costs of dealing with government regulatory 

agencies. However, all utility owners share in the benefits of the nuclear 

power produced. This situation creates a distorted incentive structure and 

collective action problems for the principals, and may leave the licensee 

without adequate resources to control the plant. This will be referred to as 

the "multiple-principals problem." 

This use of the principal-agent framework moves it well beyond existing 

economic models. Work in agency theory has only recently addressed issues 

relating to multiple agents (see Tirole, 1986, for a summary), and has not 

yet addressed problems associated with multiple principals. Therefore, this 

analysis should contribute not only to increasing our understanding of the 

dynamics of nuclear power plants, but to the development of agency theory, 

as well. Moreover, it allows many of the issues of interest to organization 

theorists to be discussed within a unified framework. In subsequent 

sections of this chapter I will elaborate the ways in which both muItiple

agent and mUltiple-principal problems can decrease safety and economic 

performance, and also explore some potential organizational solutions to 

these problems. 
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A second major change in this industry concerns the effects of the 

financial well-being of the utility licensees. As noted in chapter 2, many 

utilities, especially those owning nuclear power plants, are experiencing 

financial problems. This change can also be seen as affecting the nature of 

the utility-plant relationship. In addition, the nature of the principal-agent 

relation should condition the effects of the imancial will-being of the utility 

licensee on the plant. 

The theoretical arguments briefly outlined above are made more detailed 

and concrete in the following discussions of the relations between utilities 

and plants (our main focus) and the role of the NRC. 

3.2 RELATIONS BETWEEN ORGANIZATIONAL "ACTORS" 

There are several organizational "actors" that affect the performance 

of nuclear power plants and the relations between these "actors" are 

becoming increasingly complicated. In order to understand nuclear power 

plant outcomes it is necessary to take into account the relevant complex of 

organizational entities, their incentive structures, and the extent to which 

each can influence operational processes at the plant level. As the historical 

overview in the preceding chapter demonstrated, several categories of 

"actors" have been important in determining nuclear power plant outcomes, 

including: 

the scientific community 

the reactor manufacturers 



the construction contractors 

the media and the public 

the plant 

the utility licensee (other utility owners) 

the AEe and the NRC 

state PUCs 
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The impact of the scientific community, manufacturers, construction 

contractors, the media and the public, and the AEC was discussed in 

Chapter 2. The effects of these categories of actors, while of continuing 

importance to nuclear performance, have been historically set. Also these 

fIrst five sets of actors had more of a direct impact on the developmental 

and construction phases than on the operational phase of nuclear power 

plants. Therefore, these actors will not be discussed further in this chapter. 

The key organizational actors affecting on-going variations in nuclear 

operational performance are the plant, the utilities, and the NRC. 

Unfortunately information having to do with the plant level is not available 

for this study. Investigation into the effects of variations at the plant level 

will be explored in future research by the author. 

Relations between the following organizational actors are the focus of 

this discussion: 

the relationship between the utility licensee, other utility 
owners, and the plant 

the relationship of the NRC to the utility and the plant. 
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3.3 THE UTILITY LICENSEE, OTHER UTILITY OWNERS, AND THE 

PLANT 

This section explores: (1) the incentives and ability of the utility 

licensee to enhance plant safety; (2) changes in the principal-agent relation 

that affect incentives and/or control capacities. Specific research issues that 

can be empirically addressed in the subsequent analyses chapters are 

identified. 

3.3.1 Incentives and Control Capacities 

The safety of nuclear power plants is ultimately the responsibility of the 

utility licensee (the utility which holds the NRC-granted operating license). 

However, the extent to which the utility licensee has the ability or the 

appropriate incentives to enhance safety has been debated. 

Utility personnel often argue that they have a strong economic 

incentive to enhance safety and that regulatory oversight is, for the most 

part, not required (Osborn et al., 1989).2 The basis for this assertion is 

that high safety performance increases plant reliability which, in turn, 

increases productive output. Since many nuclear power plants do not have 

particularly strong safety performance records, the situation is unlikely to 

be as simple as industry representatives would have us believe. Moreover, 

as Wood (1983: 66) notes, there has been little safety-related research 

2 Also based on interviews with utility managers conducted by the author. 
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initiated by the industry. Although safety may be economically justified up 

to some point, it is questionable whether economic incentives are sufficient 

to motivate extremely high levels of safety performance. 

The fact that the safety of nuclear power plants can no longer be 

guaranteed through "containment" (as discussed in Chapter 2) has 

dramatically increased both the difficulty and expense of achieving safety 

and, thus, the incentive for utilities to do so. Safety must now be achieved 

through prevention. Because the potential severity of accidents is so great, 

prevention must be such that the probability of accidents is reduced to 

extremely low levels. However, once a certain threshold is met, smaller and 

smaller increments of safety become relatively more costly. For example, it 

costs more to decrease the probability of accidents from .2% to .1% than 

from 15% to 10% (Wood, 1983:9). Thus expenditures on safety run into 

diminishing marginal returns at the highest safety levels because the costs 

increase and the pay-offs decrease. At some point costs inevitably outrun 

the economic benefits associated with increased levels of safety.3 

Another problem with the incentive of utility licensees is that they 

have fairly limited liability for damages resulting from serious accidents. 

The Price-Anderson Act of 1957 set liabilities at $60 million. Since it was 

later recognized that this figure did not accurately reflect the risks and 

costs of ~ccidents, in 1975 the government subsidized the costs of damages 

up to an additional $500 million plus $5 million per reactor (Morone and 

3 However, from the point of view of certain segments of the public, especially 
those located near plants, the decreasing marginal return of safety is not a 
:relevant issue and plant closures are the preferable solution to this situation. 



Woodhouse, 1989). Wood (1983:15-16) argues that this limited liability on 

the part of the utility licensee lowers their incentive to maximize safety.4 
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Ironically, the existence of a strong regulatory agency like the NRC 

may also decrease utility licensees' incentives to maintain safety by creating 

greater diffusion of responsibility. Since the NRC has been so directly 

involved in prescribing safety requirements, utilities see safety as partially 

(perhaps ultimately) the responsibility of the NRC. Licensees often argue 

that ensuring safety is the responsibility of the NRC (Wood, 1983).5 If a 

plant has complied with NRC guidelines and has received high safety marks 

from the NRC, there could be a case for shifting the blame onto the NRC if 

an accident were to occur. NRC ineffectiveness can also be used as an 

excuse. For example, the owner of the TMI plant sued the NRC, arguing 

that their faulty regulation was a major contributor to the accident. In 

these ways, the diffusion of responsibility between the NRC and the licensee 

can decrease the licensee's incentive to maintain safety. While the NRC 

may hold the licensee responsible, in reality, responsibility for safety has 

become somewhat shared. 

The extent to which plant management is motivated to enhance 

safety may hinge on the strength of the relationship between safety 

performance and economic outcomes. Therefore, key research issues are: 

4 It is commonplace in law that a principal is responsible for the actions of its 
agent(s). The lack of complete responsibility in this case is an anomaly, due to 
choices made in the early history of nuclear power (see Chapter 2). 

5 Also based on interviews with utility management conducted by the author. 



Is greater safety performance associated with an increase in 
productive output? 
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Is greater safety performance associated with a decrease in cost 
efficiency? 

No empirical research investigating the relationship between economic and 

safety performance at the plant level was uncovered in the author's 

extensive literature search. One reason for this absence may be due to the 

fact that NRC sponsored research tends to be narrowly focused on safety; 

other performance outcomes are seen as outside its regulatory purview. 

3.2.2 Changes in the Utility-Plant Relation 

During the past several decades utilities have experienced fmancial 

difficulties. The reasons for these problems were discussed in Chapter 2. 

The fmancial well-being of the utility licensee has been seen as a potentially 

important determinant of nuclear power plant safety. Theoretical 

explanations of the relationship between fmancial well-being and safety 

basically involve two types of causal mechanisms. First, utilities with 

fmancial problems may simply lack the resources necessary to maintain 

safe operations of their plants. Second, as both Kahneman and Tversky 

(1979) and Brenner (1978) argue, choices between losses lead to risk-taking 

behavior. Thus, utilities experiencing financial decline will be expected to 

take more risks, and some of these risks may involve cutting corners on 

safety (Osborn, 1989). This latter argument suggests that the incentive 

structure of utilities can vary. 
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Although the issue of utility imancial well-being has figured rather 

prominently in NRC policy decisions and actions, other aspects of the 

utility-plant relation have not. The nature of the principal-agent relation 

between the utility and the plant has been completely ignored. I will argue 

that the nature of this relation is not only more critical but that it should 

condition the effect of the utility licensee's financial well-being. 

The key issues of this dissertation concern whether the nature of the 

utility-plant relation affects plant performance outcomes and relationships 

between these outcomes. Utilities hold the operating licenses for nuclear 

power plants but do not directly operate and control them (plant managers 

do) . .As noted above, this relation can be modeled using agency theory, with 

the utility as the principal, and the plant the agent (see Jensen and 

Meckling, 1976, on agency theory). Of particular importance to this study is 

the fact that recent changes in the larger organizational structure of 

utilities may have potentially serious implications for the nature of the 

utility-plant agency relation. These changes may be eroding both the utility 

licensee's incentive to enhance safety and its ability to control plant 

operations. 

First, because nuclear power plants have become increasingly 

expensive to construct and operate, utilities have increasingly joined 

together to share these costs. Second, in the last 5 years many utilities 

have been restructuring. The formation of holding companies, mergers, 

diversification, and the use of special nuclear operating companies have 

been the main changes. Although these recent changes have received little 
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attention, they may have significant consequences for nuclear power plant 

outcomes. The effects of these changes in ownership and structure are 

analyzed using the concepts of multiple-agent and multiple-principal 

problems. 

The fIrSt type of control problem in utility plant relations created by 

joint utility ownership is the multiple-principals problem. Ownership has 

often become so diffused that the utility licensee owns only a smaIl 

proportion of the plant it must control. Although responsibility for the 

safety performance of the agent is not diffused in this situation (the licensee 

is fully and solely responsible to the NRC), the diffusion of resources across 

principals and changes in the incentive structure of the licensee and the 

other owners may create control problems that will negatively affect safety 

and economic performance. 

It may be difficult for licensees in situations of highly diffused 

ownership to exercise sufficient budgetary control to effectively maximize 

safety. Convincing all of the owners that major safety or other types of 

improvements are necessary or will have a future payoff can be difficult. 

Moreover, since each owner only partially shares in the benefits, they have 

less incentive to enhance performance. The less concentrated the 

ownership, the less the licensee's or any of the other utility owners' 

dependence on the nuclear power plant, i.e., capital investment is less, the 

amount of energy received from the plant is less, and the extent to which 

outages hurt anyone utility is reduced accordingly. The non-licensee utility 

owners typically own a smaller percentage and should have even less 
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incentive to invest more money than that minimally required to maintain 

adequate plant output performance. Safety is particularly problematic since 

the non-licensee owners are not subject to NRC regulation. Unless 

improvements in safety continue to be very strongly correlated with 

improved economic performance, there is little reason for non-licensee 

owners to invest more than the minimally required safety improvements. 

For these reasons, economic performance and, even more so, safety 

performance should be better when ownership is more concentrated in the 

hands of the utility licensee, and mUltiple-principal problems are reduced. 

Even when ownership is diffused, however, there are ways utilities 

can solve multiple-principal problems. There are two organizational 

solutions which share one basic characteristic: they unify multiple 

principals (in so doing, they also help solve agency problems by increasing 

total control capacity). One solution is to unify utility principals by creating 

an organizational level above the utility principals which exercises control 

over all of them, i.e., a supra-principal. In some cases the formation of a 

holding company has had this result.6 The second solution is to unify 

utility principals by adding an organizational level below them to which 

control functions are delegated, i.e., a sub-principal.7 The specialized 

6 I am not arguing that the need to solve multiple principals problems is the 
cause of the formation of holding companies; they are formed for many diverse 
reasons that are not relevant to this c:liscussion. Only the effects of holding 
company formation are of interest here. 

7 For example, Entergy Corporation has recently been contracted by the utility 
licensee, Arkansas Power and Light Company, to manage and operate Arkansas 
Nuclear One, Units 1 and 2. 
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operating company functions as a sub-principal. Both of these solutions 

work by pooling the resources of all the principals, and eJiminating (or at 

least reducing) the divergence of incentives across principals and collection 

action problems. 

The second type of control problem can be discussed in terms of 

multiple agents. Multiple-agent problems may arise as a result of the 

increasing size and diversification of utilities. First, the introduction of 

nuclear plants greatly increased the size, complexity, and diversification of 

utilities. Small utilities with fewer, more similar plants may be better able 

to control and manage plant operations than larger utilities with many 

diverse types of generating plants. Utilities are now undergoing even 

greater changes in size and diversification as a result of mergers8
, holding 

company formations, and non-electrica1 acquisitions. The size and diversity 

of the utility may affect the extent to which it can effectively manage its 

nuclear plant operations. Moreover, the presence of multiple agents 

decreases the dependence of the principal on any particular type of subunit 

which may, in tum, affect its level of commitment. Learning advantages 

that could result from the control of several similar agents are also negated 

when agents become too highly diverse. 

This problem of multiple and diverse agents is similar to the control 

problems analyzed by Chandler (1966) and later Williamson (1985). Both 

Chandler and Williamson observed that size and functional diversity can 

8 While mergers are still rare in this industry, they are widely discussed as a 
possible strategy that may be pursued as companies position themselves to meet 
the increased competition being experienced in this industry (Kuhn,1987). 
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increase the administrative load on the senior executives to the point that 

they are unable to handle their managerial responsibilities effectively. The 

solution, according to Wi]1jamson (1975:137-38), is for fIrIIlS to separate 

long-run entrepreneurial and short-run operational administrative functions 

by subdividing into more autonomous operating divisions. This process 

involves transitioning from a unitary or hierarchical form (the U-Form) to a 

multi-divisional form (M-Form). The M-Form is able to resolve problems of 

bounded rationality and information impactedness9 by reducing the 

decision-making function of upper management to issues of resource 

allocation and, thus, reducing the amount of information required. Basic 

operating dE~cisions are no longer forced to the top but are resolved at the 

divisional level. In essence, this organizational transition allows indirect 

governance to be substituted for direct governance. The corporate office 

only requires sufficient auditing techniques in order to make effective 

decisions regarding resource allocation across its divisions or subunits. 

In principal-agent terminology, one way to solve multiple-agent 

problems is to transform the organizational structure. In fact, utilities are 

increasingly becoming subsumed by large M-Form parent organizations as 

the result of the formation of holding companies and consequent 

9 Bounded rationality (Simon, 1979) refers to that fact that rationale 
(effective) decision-making is always bounded or limited by the information 
available to the decision-maker. Information impactedness refers to the fact that 
specific operational information tends to be increasingly lost or diluted the further 
removed one is from the actual operational activities. 
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diversification.1o Utility restructuring may mean that: (1) the governance 

of nuclear power plants is becoming more indirect; and (2) that nuclear 

power plants are more operationally autonomous. Although this structural 

form may solve some control problems for the parent company, the 

consequences for nuclear power plant performance outcomes are less 

apparent. 

In essence, the M-Form creates an internalized market mechanism 

that is potentially more severe than market competition (Williamson, 

1985:13), especially given that market competition in the regulated 

electrical industry is not intense.11 Indirect governance means that 

resource allocation across the divisional subunits (including the various 

types of generating plants and non-electrical business ventures) will be 

based on cost effectiveness (i.e., output value/input expenses). The intensity 

of internal economic pressure is predicted to result in greater efficiency at 

the subunit level, i.e., the plant. Also greater subunit autonomy may allow 

the plant to better adapt itself to the requirements of its complex 

technological system. This structure could however restrict the subunit's 

access to resources; especially if it is not performing well. Instead of 

10 Holding companies are often characterized as conglomerate rather than a 
true multi-divisional form. Utility holding companies, however, are often much 
more like Williamson's M-Form than simply an organizational conglomerate. 
Some holding companies, those that largely represent utility mergers, are often U
Form structures. For example, Centerior Company manages the joint utility 
operations directly in order to reduce managerial redundancies and to increase 
operational efficiency. 

11 Market competition has increased substantially with greater industry 
deregulation and is expected to become a increasingly major consideration in 
future years. 



continuing to throw good money after bad, large M-Form utility holding 

companies could more easily abandon poor performing subunits, such as 

nuclear power plants, in order to pursue more profitable ventures. 

Economic pressures and constraints could also increase the importance of 

short term economies over longer-term safety considerations. 
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One of the organizational adaptations discussed as a possible solution 

to multiple-principal problems may also help solve problems due to multiple 

agents and diverse agents. Hiring or forming a specialized nuclear 

operating company decreases the problem of top management attention 

becoming too fragmented and allows a specialized management full 

autonomy to operate the nuclear plants. Moreover, specialized nuclear 

operating companies tend to operate several nuclear power plants, thus, 

contributing to learning advantages stemming from overseeing several 

similar agents. 

Although these theoretical arguments about the complex relations 

between utilities and plants may seem very abstract, they can be easily 

tested with available data. The basic arguments are systematically 

displayed in Figures 3.1 to 3.3. Figure 3.1 diagrams the theoretical model 

of the causes of agency problems. Ownership diffusion leads to various 

types of multiple-principal problems; the number and diversity of 

organizational subunits leads to multiple-agent problems. These problems 

are expected to negatively affect nuclear power plant performance on all 

dimensions. Figure 3.2 depicts possible organizational solutions, i.e., 

ownership concentration through a holding company, specialized operating 
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companies, and the multi-divisional form {M-Form}. Figure 3.3 addresses 

the iI!J.plications of these organizational forms for plant performance. The 

first two, ownership concentration and specialized operating companies are 

expected to have a positive effect on plant performance. Arguments for both 

negative and positive effects of the M-Form have been offered; in particular, 

the effect on economic performance may be quite different than the effect on 

safety performance. 

The specific research questions suggested by the above theoretical 

discussion that can be empirically addressed in the analysis chapters 

include: 

Does the utility-plant relationship affect nuclear power plant 
outcomes? More specifically, do diffusion of plant ownership 
and the size and diversification of the larger organizational 
structure decrease safety and economic performance? 

Can holding companies and/or special operating companies 
limit or eliminate the negative effects of size, diversification, 
and diffusion of ownership? 

Does the imancial well-being of the utility licensee affect 
nuclear power plant safety and/or economic performance and to 
what extent do the effects depend on the nature of the utility
plant agency relation? 

Since no theoretical attention has been given to the issue of the agency 

relation between the utility and the plant, it is not surprising that there is 

no empirical work addressing this issue. In spite of the fact that the effect 

of the imanciaI well-being of the utility licensee has received a fair amount 

of attention, there are few empirical investigations of this issue as well. 

Hendrickson et al. (1989) looked at the effect of the imancial well-being at 

the time the construction license was granted by the NRC and subsequent 
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safety performance. The purpose of this study was to determine whether 

there was any justification for the NRC to continue conducting time 

consuming financial reviews before granting a construction permit. It is not 

surprising given the limited focus of this research that no relationship was 

found. Osborn and Jackson (1989) looked at the effect of changes in utility 

revenues from one year to the next on subsequent safety performance. 

Decreases in utility income was found to lower compliance to serious NRC 

regulations; no effect was found for more minor regulations and no effect 

was found on plant reliability. In addition to the fact that these plant 

performance measures are not satisfactory indicators of safety, the lack of 

adequate controls make additional research on the relationship between 

nuclear power plant safety and utility well-being necessary. 

3.4 THE NUCLEAR REGULATORY COMMISSION (NRC) AND THE 

UTILITY-PLANT RELATION 

This section explores the relationship between the NRC, utilities, and 

plants. The focus is on the incentive and the ability of the NRC to enhance 

safety and the extent to which the utility-plant relation affects NRC 

effectiveness. 
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3.4.1 The Incentive and Control Capacity of the NRC 

The NRC, as an independent agency solely concerned with nuclear 

power plant safety, should be the most highly motivated of the various 

actors to maximjze safety. However, the NRC is not as independent as it 

could be since it is largely staffed by industry personnel and persons 

previously associated with the AEC, a body mainly oriented toward 

fostering rather than policing the nuclear indUStry.12 As one NRC 

spokesperson said in 1979, it has been overly concerned with trying "to 

nurture a growing industry" (Wood, 1983:23-24). Today, this sentiment may 

need to be rephrased as "abetting a declining industry." Moreover, although 

the NRC is one of the most powerful regulatory agencies ever created by the 

U,S. government (Stever, 1980:4), it is not necessarily an effective one. 

Criticisms of the NRC's ineffectiveness have focused on several factors: (1) 

its internal organizational problems, (2) its lack of knowledge required to 

enact effective regulation, and (3) its inability to effectively monitor or 

employ effective sanctions to motivate compliance. 

The accident at TMI brought the NRC under a great deal of scrutiny, 

especially since the owner of TMI accused the NRC as having been in large 

part responsible for the accident (Wood, 1983). The independent 

commission established by the president to investigate the situation 

concluded that the NRC was in a state of internal disarray (Gorinson, 

12 As Fligstein (1990) has demonstrated, the origins of decision-makers give 
them particular world views and strategies that shape and limit their actions in 
significant ways. 



95 

1979). It was characterized has having a basic lack of leadership and too 

much diffusion of responsibility, partly due to the fact that it was headed by 

a 5 person commission (Gorinson, 1979:23). Information flow within the 

agency was poor, and the commissioners, in particular, were portrayed as 

being out of touch (Gorinson, 1979:32). The NRC was reorganized as a 

consequence of these studies, but a 5 person commission still heads the 

organization and criticisms of organizational inefficiencies still abound. 

The NRC also has been accused of having insufficient expertise and 

information to devise effective regulatory requirements. It has limited first 

hand experience because it does not own and operate nuclear reactors. This 

lack of IIrSt hand knowledge is one of the reasons it has to recruit top level 

from the industry. Further, it relies on the licensee for much of its 

information since it does not have sufficient staff to effectively monitor 

plants directly; nor does it have adequate staff to process all the information 

it receives from the licensees (Gorinson, 1979:116). While the NRC does 

conduct periodic inspections, and after TMI, installed resident inspectors at 

each nuclear plant site, inspectors are not always highly experienced or 

motivated,13 and, in any event, they depend heavily on cooperation from 

plant personnel. A plant can too easily engage in "cover up" strategies that 

would thwart the efforts of even the most experienced inspectors. 

13 Interviews with utility licensees show that one of their main complaints 
with the NRC has to do with the fact that there are too many l'young, 
inexperienced inspectorsll (Wood et. aI., 1978:11). Although this complaint could 
be interpreted in many ways, one possibility is that more experienced inspectors 
are coopted and, thus, only the young, inexperienced inspectors attempt to 
rigorously enforce the regulations. 
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To avoid a situation in which plants will have incentives to "cover 

up," the NRC does not impose harsh sanctions for safety violations. Fines 

levied are typically much below the maximum, in spite of the fact that the 

maximum is quite limited. The maximum pre-1980 (or pre-TMI) civil 

penalty was $5,000; now it is $100,000. Although the NRC can order the 

plant to shut down, this sanctioning mechanism is used only in very 

exceptional circumstances. 

In addition, sanctions are directed at the utility licensee rather than 

the plant itself. There is only one means by which the NRC can attempt to 

directly control the plant; it can increase regulatory presence. It can also 

order the utility to require certain plant actions, but the plant cannot be 

directly sanctioned monetarily by the NRC. 

Even if the NRC could ensure compliance with its regulations, safety 

would not be ensured if the regulations are ineffective. Some have 

suggested that the problem lies in the extremely high information 

requirements of NRC's regulatory approach. There are two basic ways a 

government agency can regulate actions of an industry. It can regulate 

directly, by prescribing particular safety systems and procedures and 

monitoring for compliance, or indirectly, by setting up a system in which 

monetary incentives are contingent on desired outcomes (Wood, 1983). 

Indirect control requires the agency to gather information on outcomes 

whereas direct control requires detailed information on day-to-day 

operations. For the most part the NRC regulates directly, but given the 

limited information available to the NRC, an indirect system may be more 
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effective. Moreover, if utilities were sanctioned according to safety 

outcomes, rather than compliance to NRC requirements, the industry's 

research organizations14 may be motivated to take greater responsibility 

for researching and enhancing safety in their industry. Although industry 

organizations have more fIrst hand experience and access to information to 

perform this function, there has been little industry sponsored research on 

safety (Wood, 1983:66). 

The major obstacle to indirect regulation is that it requires 

measurable performance outcomes. Safety however is a very elusive 

performance outcome which cannot be easily measured. In addition to 

devising prescriptive regulatory requirements, the NRC has devoted some 

effort toward developing measurable indicators of safety performance. The 

information used to compile these measures requires a great deal of direct 

NRC monitoring of plants. Because safety is not a readily observable 

outcome but rather one that has to be carefully constructed, the NRC could 

regulate indirectly only if it continued to be directly involved in developing 

and monitoring indicators of safety. However, the responsibility of 

developing strategies to enhance safety would be turned over to the industry 

itself. This regulatory process would encourage the industry to become 

more collaboratively involved in developing and collecting safety 

performance data, resulting in a more extensive database of performance 

14 The electrical power industry has several research organizations (such as 
the Institute for Nuclear Power Operations and the Electrical Power Research 
Institute) but they currently direct very little of their research effort to 
investigating nuclear power plant safety performance (Wood, 1983:66). 



indicators than the NRC is currently able to compile. With the existing 

regulatory arrangement, the industry collects its own performance data 

which it does not share with the NRC or make publicly available to the 

scientific community. These data are in many ways more detailed and 

comprehensive than what the NRC is able to collect. If the NRC did not 

directly regulate the industry the adversarial relation that is inherent in 

the current regulatory process may give way to greater cooperation and, 

perhaps, to more effective safety programs. 
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Not all these issues can be empirically addressed. In particular, it is 

not possible to empirically assess whether a different form of regulation 

than that which currently exists would be more effective. Because of lack of 

variation, very few empirical investigations of NRC effectiveness have been 

conducted. The few studies that have been conducted have produced mixed 

fmdings. Feinstein (1989) found that NRC sanctions had no effect on 

deterring future violations, but that detection of existing violations did 

appear to reduce the number of abnormal occurrences. In other words, 

detection increased safety but it did not deter future violations. A very 

early study by Wood et al. (1978) also found no effect of NRC's proposed or 

actual imposition of fmes Chased on detected violations) on subsequent 

compliance. The results of these studies are fairly ambiguous in their 

meaning. 

This dissertation will empirically assess the effectiveness of NRC 

regulation by looking at whether compliance with NRC regulations is 

associated with safety, and at whether it is negatively associated with 



economic performance outcomes, particularly cost efficiency. The specific 

research questions to be addressed are: 

Is NRC regulation effective in enhancing safety performance? 

Is NRC regulation cost effective? 

3.4.2 The Utility-plant Agency Relation and NRC Effectiveness 
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Although NRC effectiveness has received a fair amount of attention, 

none of discussions have addressed the extent to which the nature of the 

utility-plant relation may impact NRC effectiveness. This is an important 

omission since the nature of this principal-agent relation would appear to be 

critical to the NRC's ability to control plant operations. The reason for this 

is that the NRC monitors at one level (the plant) and sanctions at another 

(the utility). This separation of monitoring and sanctioning no doubt 

decreases control capacity. Recent changes in the utility-plant relation 

make the NRC's ability to control even more problematic. The extent to 

which the utility licensee is in charge of plant affairs has been greatly 

reduced in many cases and the NRC is increasingly intervening in highly 

complex agency relations. Thus, it is expected that these less traditional 

utility-plant relations may decrease compliance with NRC safety 

requirements. 

A key research issue to be investigated in this dissertation is: 

Does the effectiveness of NRC regulation depend on the nature 
of the utility-plant relationship? 
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Although there has been no research focusing on this issue, the changes in 

the larger organizational context of nuclear power plants make it one that 

may be increasingly critical in determining NRC effectiveness. 

3.5 SUMMARY 

The first section of this chapter attempted to outline the general 

theoretical framework within which nuclear power plant safety and 

economic performance can be understood. The discussion was intended to 

provide a general context within which the empirical analysis can be 

situated. As noted in Chapter 2, the present performance of nuclear power 

plants is not as good as observers initially expected it would be, and the 

explanation for this continued poor performance is not apparent. 

Understanding these complex issues requires both a clear theoretical 

framework and a detailed empirical analysis. Although the empirical 

analyses presented in Chapters 5 and 6 cannot address all of the many 

issues raised in the theoretical sections, organizational and institutional 

factors will be more systematically explored than they have been in previous 

research. The value of this theoretical discussion depends on its ability to 

guide an empirical analysis that can reveal new insights about the causes of 

safety and economic problems with nuclear power. 



Before the empirical analyses can be conducted, the nuclear power 

plant outcomes need to be more clearly deimed and operationalized. The 

measures and statistical methods and described in the next chapter. 
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4.0 SAMPLE. DATA, AND METHODOLOGY 

The goal of this chapter is to link the theoretical discussion in the 

preceding chapter to the statistical analyses to follow by constructing a data 

set and analysis strategy that can address several of these theoretical 

issues. The chapter contains a discussion of the sample, the unit of 

analysis, the dependent and independent variables, and the statistical 

methods used in the analyses. In each of these areas, this dissertation 

attempts to avoid some of the problems of previous research. 

4.1 NATURE OF THE SAMPLE 

The sample of nuclear power plants is limited to currently operating 

nuclear power plants in the United States. Equivalent data for plants in 

other countries are not available. In addition, the analyses focusing on the 

effects of utility fmancial well-being and changes in utility structure (i.e., 

mergers, formation of holding companies, the use of special operating 

companies, diversification activities, etc.) are confined to nuclear power 

plants licensed to investor-owned utilities; municipal and federally-owned 

utilities are not undergoing utility restructuring and equivalent fmancial 

data are not available for these utilities. The majority (89%) of utilities in 

the United States are investor-owned, in contrast to most other countries 



where electric utilities are all publicly (state) owned. Therefore, most 

operating U.S. plants are included in this set of analyses. 
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Data have been compiled for a 3-year period, 1987-1989. Because 

many of the indicators making up the four performance measures (the 

dependent variables) are quite volatile from year to year, these indicators 

have been averaged over this 3-year period in order to obtain more stable 

estimates of performance differences across plants. A second reason for 

using 3-year averages is that refueling cycles vary across plants. Plants 

typically use either a 9 or 12 month refueling schedule. Since refueling 

requires shutting down plants, this results in plants being on-line for 

different amounts of time during any given year. This fact could affect 

productive output levels as well as the incidence of operating problems. 

Many operating problems can only occur (or are more likely to occur) when 

the plant is on-line. Therefore, averaging over a 3-year period (the lowest 

common denominator) mjnjmizes differences attributable to due to 

variations in refueling cycles. Moreover, using 3-year averages in 

comparisons of plant performance, especially productive output, is a 

common practice in this industry (see Martin et al. 1989 and 1990). 

One result of averaging the data over the three year period is that 

the analyses are cross-sectional, not longitudinal. In the near future, data 

for two 3-year periods (1985-1987 and 1988-1990) will be available. At this 

time longitudinal analyses will be possible. Obtaining data for years prior 

to 1985 presents too many problems since regulatory requirements were 

changed substantially in 1984. The definition of reportable safety-
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significant events was altered, thus, affecting our main dependent variable, 

nuclear power plant safety performance. Therefore, comparability of data 

for years prior to 1985 is a more serious problem. 

4.2 THE UNIT OF ANALYSIS 

The endogenous or dependent variables apply to the technological 

core, i.e., the nuclear reactor unit. Therefore, the unit of analysis is the 

technological core. The other organizational levels comprise the exogenous 

or independent variables. Some studies of safety performance have taken 

the nuclear power plant as the unit of analysis (Osborn and Jackson, 1989). 

However, a plant may own several nuclear reactors and usually these are 

operationally quite distinct (although sometimes they can share a common 

control room, there are distinct control panels and usually distinct 

operations crews for each). Sometimes the reactors are geographically 

separated as well, although they are considered to be multiple units of a 

single plant (for example WPPS Units 1-4 are located miles apart from one 

another). Even when the units are contained within a single plant location 

(for example, Farley Units 1 and 2), their ownership patterns (i.e., their 

relations to other organizational levels) may vary substantially. Each unit 

may experience quite different pressures or vary in terms of the extent of 

direct control by the utility licensee. In other words, it is the nuclear 

reactor units, not just the plants, that vary on the organizational and 

institutional dimensions of interest in this dissertation. Units within a 
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single system may also be in competition for resources. Thus, the 

performances of different reactor units of a single plant often vary. 

Therefore, it is not reasonable to compute an average score across multiple 

reactor units. The safety performance of each reactor unit is the critical 

issue; the average level of safety across plant reactors may obscure the 

existence of and causal explanation for particularly unsafe and/or safe 

reactor units. 

4.3 THE DEPENDENT VARIABLES 

The dependent variables consist of four performance dimensions: 

incident-free operations, compliance, productive output, and cost efficiency. 

In order to make the results of the analyses more readily interpretable, all 

four of the performance measures have been operationalized so that higher 

scores would indicate better performance on each performance dimension. 

A detailed explanation of the operationalization of each performance 

measure follows. 

4..3.1 Incident-Free Operations 

The IlI'St dependent variable provides an indirect measure of safety in 

nuclear power plants, since safety in complex technological systems can not 

be directly measured. Unlike the situation in less complex technological 

systems such as mining or manufacturing, it is usually not possible to 
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merely count the frequency of accidents. Accidents tend to be less common 

in complex technological systems but the potential consequences of an 

accident may be far greater (the amount of damage from even one accident 

could be so great). The meaning of IIsafetyll has consequently changed. 

Rather that being conceptualized as the extent to which actual harm. has 

occurred, it is conceived of as the potential for harm. The "potential" for 

accidents is what has to be measured in these situations. 

In complex technologies any small problem or malfunction existing in 

the system can increase the likelihood of a more significant problem 

occurring (perrow, 1984; Reason, 1987). Perrow (1984) suggests that in 

tightly-coupled, complexly interactive technological systems, such as nuclear 

power, an accumulation of apparently minor isolated events can interact to 

yield a system-level accident. Therefore, our main measure of safety in 

nuclear power plants, INCIDENT-FREE OPERATIONS, registers the 

absence of operational problems, rather than the occurrence of actual 

accidents. This view of safety suggests that a multi-indicator approach 

capturing a variety of operational "events" would be most appropriate. The 

multiple indicators are then used to construct a composite measure tapping 

the concept of incident-free operations. 

Most studies of nuclear power plant safety have selected a single 

indicator or have looked at several indicators individually (Olson, et al., 

1986; Feinstein, 1989; Hendrickson, et al., 1988). Some researchers have 

taken NRC violations to be a measure of safety performance. This 

assumption is highly questionable and the relationship between compliance 
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to NRC safety regulations and safety ought to be a matter for empirical 

investigation rather than merely conflated. Other researchers select what 

they take to be the most "safety-significant" type of operational events, such 

as scrams. Still, others use several different types of events separately. 

These approaches do not adequately capture the notion that safety in 

complex technologies is affected by the sum of all latent errors and 

malfunctions residing in the system. Moreover, different imdings may 

result depending on which indicator is employed, making interpretation 

difficult and comparisons across studies impossible. .As a result, very little 

is known about the causal determinants of safety. Using a composite 

measure which more accurately reflects the concept of safety as "incident

free" operations is an attempt to avoid these problems. The reason 

researchers have not done this has been due to methodological rather than 

theoretical concerns. The correlations between types of operational "events" 

have been found to be low (Olson et al., 1986); a finding that is replicated in 

our research (see Table 4-1). Theoretically, this is not a problem since, 

according to the theorists, the incidence of independent and isolated minor 

problems degrade safety in complex technological systems. However, low 

inter-item correlations make many standard techniques of constructing 

composite measures inappropriate. l 

1 The low inter-item correlations suggest that an attempt to enter the 
residuals into a multiple indicator model using conI11"ID.atory factor analysis would 
fail; confirmatory factor models posit a single latent concept as being responsible 
for a substantial amount of the shared variation across these indicators. Attempts 
to estimate this type of a model did fail; several versions of the model failed to 
converge altogether, and the few that did converge contained bizarre estimates. 
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TABLE 4-1. Correlations Among the Indicators Used to Construct the Measure or 
INCIDENT-FREE OPERATIONS. 

Safety System 
Actuations 

Safety System 
Failures 

Significant Events 

Equipment Forced 
Outages 

Scrams 

1.0000 

··Significant at the p.::. .001 level. 

Safety 
System 

Actuations 

.2036 

1.0000 

Safety 
System 
Failures 

.0782 

.0474 

1.0000 

Equipment 
Significant Forced 

Events Outages 

.0220 .0894 

.0799 .1029 

.3664·· .1309 

1.0000 .1325 

1.0000 



109 

The fact that a set of items does not correlate well does not 

necessarily imply that items cannot be summarized or do not have a 

common cause. An alternative model called the MIMIC model, initially 

proposed by Hauser and Goldberger (1971), incorporates measures that 

"cause" the latent variable rather those that are caused by it. The rationale 

is that the latent variable arises out of the "independent" actions of 

observed variables exogenous to it. In this model the frequency of the 

individual residualized "safety-significant events" contribute to the 

degradation of plant safety in much the same way that particular types of 

diseases emerge from distinct, uncorrelated physical symptoms. Although 

the logic of this model fits with the conceptualization of safety in nuclear 

power plants, because INCIDENT-FREE OPERATIONS is a endogenous 

(dependent) variable, not an exogenous (independent) factor, in this 

research design, a MINIC model cannot be estimated. However, a MINIC 

model requires that there be at least three endogenous variables in order to 

be able to estimate factor loadings for the indicators of an exogenous latent 

factor. As a consequence, an unweighted sum is used. 

Only five of these performance indicators are used to construct our 

measure of INCIDENT-FREE OPERATIONS.2 These include "significant 

2 Actually seven indicators have been used by the NRC (specifically, the 
Office of Assessment and Evaluation of Operational Data, AEOD) to explore 
trends in plant safety performance. Two of these, collective radiation exposure 
and the forced outage rate, were not used. Collective radiation exposure was not 
used since accurate data are not yet available. Accurate collective and person 
exposure levels are available through 1986; radiation data for the years covered in 
this study will not be available for several years. 

In addition, the forced outage rate (percent of total annual hours spent in 
forced outages) was not used as an indicator of safety performance since it was too 
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events," "scrams," "safety system actuations," "safety system failures," and 

"equipment forced outages." A detailed description of each of these 

indicators is provided in Appendix B. Each of these performance indicators 

is considered by the NRC to be safety-significant. Although individually 

they may not represent an immediate safety risk, the frequency of off

normal or problematic events signals that the safety margin of the plant 

may be impaired. 

Prior to constructing the composite measure, a few transformations of 

the indicators were performed. First, because these indicators record the 

number of specific types of events, the reciprocal of each was computed; the 

concept to be measured is INCIDENT-FREE OPERATIONS. A constant 

was then added to eliminate negative values. Second, the effects of non

organizational factors were removed because organizational causes of safety, 

not technological causes, are the focus of this study. Each indicator was 

adjusted for the number of hours the plant was operating and 

hardware/design differences across nuclear power plants. Hardware/design 

differences include megawatt capacity (reactor size), type (BWR or PWR), 

manufacturer (General Electric, Westinghouse, Combustion Engineering, 

and Babcock and Wilcox), and the age of the reactor. Newer plants tend to 

have a higher frequency of scrams but a lower frequency of equipment 

forced outages. This difference has nothing to do with organizational 

highly correlated with the measure of output efficiency. Equipment forced outages 
(the number of outages caused by equipment failures, not the percent of hours 
down due to this type of forced outage) did not have this problem, so it was 
included. 
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differences across plants but is solely a consequence of hardware/design 

differences. Moreover, the number of hours a plant is actually operating 

influences whether certain kinds of safety events can occur (such as scrams, 

or an equipment forced outage). Unless these variations across plants are 

eliminated, relationships between safety and organizational factors may be 

obscured or confounded. Some researchers have used ratio measures to 

take this problem into account (i.e., scrams per 1,000 operating hours). 

Because ratio measures can create problems in statistical analyses (see 

Fuguitt and Lieberson 1973/1974), I opted to control for the number of 

operating hours by removing their effects through residualization. The 

effects of other technological factors are similarly removed in this fashion. 

The interference of these factors can be more completely elimjnated 

using a least squares residualization procedure than by introducing all of 

these factors simultaneously as controls. In the residualization procedure, 

the total number of hours the plant was operating and hardware/design 

differences were regressed on each of the plant performance measures. The 

variation in the performance indicator not accounted for by these factors is 

the residual. It is the residual of each indicator that is used to construct 

the composite measure of INCIDENT-FREE OPERATION. 

4.3.2 NRC Regulation: Compliance and SALP Ratings 

The second dependent variable is a measure of compliance with NRC 

regulations. Although the number of NRC safety violations has at times 
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been used as the measure of safety in past studies (Osborn and Jackson, 

1988; Osborn et al., [unpublished]), its relation to "safety" is taken to be an 

empirical issue in this study. This measure is not assumed to measure 

safety, but is included in order to evaluate the effectiveness of NRC safety 

regulations in enhancing nuclear power plant safety performance. 

NRC inspections result in reports of violations which then are coded 

with respect to severity (1 through 5; 1 being the most severe) and fines are 

assessed accordingly. The violations are categorized into two groups: 

severity levels 1, 2, and 3 indicate major violations, severity levels 4 and 5 

indicate minor violations. Three related measures of compliance are 

computed from these data; a composite measure of total violations, the 

number of severe violations, and the number of minor violations. Since the 

concept of interest is the degree of compliance, the reciprocal of each is 

employed in the analyses. A constant was added to avoid negative values. 

In addition, NRC evaluations of plant performance, called Systematic 

Assessments of Licensee Performance (SALP), will also be explored. The 

NRC evaluates performance in eleven areas: plant operations, 

maintenance, outages, quality programs, radiological controls, surveillance, 

training effectiveness, emergency preparedness, security, Irre protection, 

and licensing. Each area is rated from 1 to 3 (sometimes half points are 

given); lower scores indicate better performance. Since performance in each 

of the specific areas is not of interest here, the mean score across the eleven 

programmatic areas is computed and the reciprocal of this mean score is 

used in the analyses (higher overall scores are, therefore, indicative of 
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better overall performance). Again, a constant was added to avoid negative 

values. 

The reason for including this latter measure is that many industry 

representatives (U.S. Nuclear Regulatory Commission, 1990) and several 

scholars (Stever, 1980; Wood, 1983; Wildavsky, 1983) have suggested that 

prescriptive safety regulation has not been effective and that non

prescriptive regulation would be more appropriate. Therefore, by including 

this measure it is possible to determine not only whether compliance to 

NRC regulations is effective in promoting safe operational performance, but 

whether it is more or less effective than non-prescriptive "evaluative" 

regulatory oversight. 

Both of these measures are adjusted for the total number of operating 

hours, hardware/design differences, and one additional control factor, NRC 

regional area (east, midwest, west, south, and southwest). The reasoning is 

the same as above (see Section 4.2.1), but in this case, NRC region may be 

the most important control factor. First, regionally-based NRC inspectors 

may vary in terms of how rigorously they enforce the regulations and, thus, 

in the incidence of violations detected and cited.3 Second, the amount of 

time spent in outages should affect the type and, perhaps, the incidence of 

violations. Third, the number of requirements and the incidence of 

3 Using the frequency of violations as an indicator of compliance is somewhat 
problematic. Detected violations reflect the NRC's knowledge of plant compliance 
rather than actual compliance. Feinstein (1989) found that variation in detection 
rates has an impact on indicator of safety, i.e., 
For the purpose of this research, ie., to determine the effectiveness of NRC safety 
regulation, NRC detection of violations rather than by actual plant compliance 
may be the more appropriate measure. 
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violations can also be affected by hardware/design differences across plants, 

particularly the age and type (BWR or PWR) of the reactor. 

4.3.3 Productive Output 

The third dependent variable, PRODUCTIVE OUTPUT, a measure of 

economic performance at the plant level, is a much more straightforward 

measure to operationalize. PRODUCTIVE OUTPUT is measured as the 

extent to which the nuclear unit achieves its maximum. dependable capacity 

(MDC). This measure of the percent capacity factor is computed as: 

Total Gross Generation 
Period hours (year) X MDC x 100 

where Total Gross Generation is the actual number of 
megawatt hours generated by the nuclear unit during the 
period (calendar year); Period hours is the number of hours 
during the period (in this case, the calendar year); MDC is 
Maximum Dependable Capacity or the dependable main-unit 
gross capacity, winter or summer, whichever is smaller.4 

4.3.4 Cost Efficiency 

Like PRODUCTIVE OUTPUT, the fourth dependent variable, COST 

EFFICIENCY, is a measure of economic performance at the plant level 

which can be operationalized easily. This measure refers to the average 

unit cost of electricity and is operationalized as: 

4 The dependable capacity varies because the unit efficiency varies during the 
year due to cooling water temperature variations. Summer is usually the more 
restrictive season. 
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Total Power Production Expenses for Unit in Millions 
Total Kilowatt Hours 

where Total Millions Expended refers to total plant 
expenditures; and Total Kilowatt Hours refers to total kilowatt 
hours of unit production. 

The information used to compute this measure was obtained from the 

annual FREC Form 1 reports that the Federal Regulatory Commission 

requires every investor-owned utility to submit. 

4.4 THE INDEPENDENT VARIABLES 

The independent variables are designed to capture the most 

theoretically interesting variations in the larger organizational and 

institutional context of nuclear power plants. Variations in the larger 

organizational structure may significantly alter the form of the principal

agent relation between the utility and the plant. Variations in this primary 

relationship can, in turn, affect the relationship between the utility 

licensees and utility regulators (particularly the NRC). Variations in the 

financial well-being of utilities are also investigated. 

4.4.1 Variations in the Larger Organizational Context 

The primary relationship between the nuclear power plant the utility 

has been substantially altered in recent years by several changes occurring 

in the larger organizational structure. First, changes in patterns of 

ownership and control have influenced the extent to which multiple-
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principal probiems may exist. Important variations identified in Chapter 3 

include: 

(1) The Percentage Ownership of the Utility Licensee. (The range 
is 17 -100%) 

(2) The Degree of Ownership Diffusion Across the non-licensee 
Utility Owners. The operationalization of this variable 
consisted of ranking 0 to 3 the utility owners W their percent 
ownership and then computing diffusion as: (0 multiplied W 
the percentage ownership of 1st ranking utility owner) + (1 
multiplied ~ the percentage ownership of 2nd ranking utility 
owner) + (2 multiplied by the percentage ownership of 3rd 
ranking utility owner) + (32 multiplied by the percentage 
ownership of any remaining owners). 

(3) The Existence of a Specialized "Sub-Principal" Operating 
Company. This is a dummy variable scored 2 if a specialized 
nuclear operating company is used; otherwise 1. 

(4) The Concentration of Ownership in a "Supra-Principal" Holding 
Company. This is operationalized as a dummy variable, either 
the holding company combines ownership of previously distinct 
utility owners or it does not (scored 2 and 1 respectively). 

Second, size, diversification, and the absolute and relative investment 

in (and, thus commitment to) nuclear power in general and the nuclear 

power plant in particular may influence the relationship between the plant 

and the larger organization. Variation size and diversification are 

measured using: 

(1) The Total Number of Subsidiaries. 

(2) The Proportion of Non-Electrical Subsidiaries; operationalized 
as the number of non-electrical subsidiaries divided by the total 
number of subsidiaries. 

(3) The Proportion of Revenue from Non-Electrical SOUl"ces; 
operationalized as non-electrical revenue divided by total 
revenue. 

Relative investment in nuclear power is measured as: 



(1) The Percent of Total Electrical Production Attributed to 
Nuclear Generation. 
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Third, plants may be affected by the financial well-being of the 

utility. Measuring the fmancial well-being of utilities is extremely difficult. 

The U.S. General Accounting Office (GAO)5 identified and examined 17 

potential measures that are used by the investment community and others 

to analyze the imancial health of investor-owned electric utilities. This 

study determined that the measures best able to tap both the current and 

long-term prospects for a utility were: the market to book value ratio, the 

bond rating, the interest coverage ratio, the rate of return on common 

equity, and the debt to equity ratio. Bernstein (1984: Chapter 5) states that 

earnings and earning power while taking into account the amount of debt is 

key to determining a firm's imancial health. Bernstein suggests the 

following financial measures of a fIrm's long-term solvency: ratios of short

term, long-term, and total debt to equity capital; the ratio of earnings to 

fIxed charges; the ratio of funds provided by operations to fIxed charges; and 

the ratio of working capital provided by operations to total debt and 

preferred stock. 

Several measures corresponding to these characteristics were 

computed for purposes of this research, including: 

• The Interest Coverage Ratio = (Total Earnings before 
interest and taxes I Interest Charges). 

• Return on Total Assets = (Net Earnings - Preferred Stock 
Dividends I Total Assets). 

5 U.S. General Accounting Office, Analysis of the Financial Health of the 
Electric Utility Industry, GAO/CED-84-22, June 11, 1984. 
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• Return on Equity = (Net Earnings - Preferred Stock 
Dividends I Common Equity). 

• Debt/Assets Ratio = (Long-term Debt I Total Assets). 

• Debt/Equity Ratio = (Long-term Debt I Common Equity). 

• Debt/Capital Ratio = (Long-term Debt I Total 
Capitalization) . 

The IInancial information used to compute these ratios was obtained 

from data put together by Public Utilities Report, Incorporated (Johnson, 

1990). 

An attempt to compute a single composite factor or a reduced number 

of factors using latent factor analysis was not successful. Given that the 

correlations between many of these fmancial measures were quite high (see 

Table 4.2), problems of multi-colinearity prohibit using all of these measures 

simultaneously. A single measure was therefore selected. Unlike the above 

discussions, the main interest in this study is not the long-term financial 

prospects of the utility but rather the immediate fmancial situation. The 

measures that best tap the immediate imancial condition are the Interest 

Coverage Ratio and the rate of Return on Equity. Comparing these 

measures led to the conclusion that the former was the preferable measure. 

Since debt, typically due to nuclear power plant investments, is the main 

factor distinguishing the current fmancial abilities of utilities the Interest 

Coverage Ratio better reflects this difference across utilities. Moreover, it 

is more consistently correlated with the majority of the other fmancial 

measures (see Table 4.2) This measure is also one of the most often used by 

the NRC in assessing a utility's current financial situation. 
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4.4.2 Variations in the Institutional Context 

The institutional context mainly consists of the NRC and state PUCs. 

Although there is some variation in NRC regulation across plants, this 

variation is not the focus of this research. The aim of the NRC is to 

regulate the safety of nuclear power plants in as uniform a manner as 

possible. Regional variations however have been detected (Osborn et al., 

1984). Also since nuclear power reactors are not all the same, some 

variation is inevitable. The interest in this dissertation is to (1) assess 

variations in the ability of the NRC to exact compliance which stem from 

variations in the larger organizational context of plants and (2) to determine 

the extent to which the relation between compliance and other performance 

outcomes is affected by such variation. This variation can only be 

investigated indirectly by looking at variations in compliance (one of our 

dependent measures). Variations in compliance due to regional and 

technological differences is not the focus here, and because such variation 

could disturb the relationships that are being investigated, variation due to 

these other factors was removed through residualization of the measure of 

compliance. In this manner the effects of the contextual variation of 

interest here can be better isolated. Variation in PUC regulation is not 

looked in this dissertation. 
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4.5 THE STATISTICAL METHODS 

The relationships between the dependent variables will be explored 

using multiple regression techniques. Linear and possible non-linear 

relationships (using squared terms) between each pair of outcome measures 

will be explored. Multiple regression techniques will then be used to 

address the effects of the independent variables. 

4.6 SUMMARY 

The data set described here will be used to test the theoretical 

arguments discussed in Chapter 3. Chapter 5 will investigate the 

relationships between our four dependent variables, INCIDENT-FREE 

OPERATIONS, COMPLIANCE, PRODUCTIVE OUTPUT, and COST 

EFFICIENCY. Chapter 6 will examine the effects of the institutional and 

organizational variables on each of these four dependent variables. 

Together, these analyses should provide new insights into the determjnants 

of safety and economic performance in nuclear power plants. 
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5.0 RELATIONSmPS BETWEEN PERFORMANCE OUTCOMES 

In Chapter 1 it was argued that safety, conceptualized as an 

organizational outcome, required that its relationships to other important 

organizational outcomes be better understood. In this chapter, the 

relationships between four performance outcomes are explored. The 

particular performance outcomes were selected because different 

organizational actors have different stakes in each. For example, economic 

outcomes are most important to the utility owners, while the NRC's interest 

in more weighted toward compliance and safety. Determining the 

relationships between these performance measures, i.e., the degree to which 

there are potential conflicts of interest, is an important fIrst step in 

understanding organizational dynamics and the nature of the relations 

between organizational actors. Therefore, before looking at the effects of 

variations in the organizational and institutional contexts of plants, an 

examination of the relationships between performance outcomes is 

undertaken. 

One of the biggest issues that will help to clarify the relationships 

between the various organizational actors, especially between the NRC and 

utility licensees, is to determine the relationship between safety and 

economic outcomes. It is in the industry's interest to suggest that it is in 

their economic interests to maximize safety. The logic of their argument 

assumes that higher safety leads to higher plant reliability and that higher 



reliability leads to higher levels of output. However, many believe this 

argument to be nothing more than a myth propagated by the industry; 

asserting, to the contrary, that economic incentives are insufficient to 

motivate utility licensees to maintain adequate levels of safety. 
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The relationships between compliance and the other three outcome 

measures addresses a slightly different aspect of the relationship between 

the utility licensee and the NRC. Even if there is complete compatibility 

between safety and economic goals (productive output and/or cost efficiency), 

the licensee and the NRC may be at odds if compliance with NRC 

regulations cannot be justified in terms of enhanced safety performance. If 

compliance is associated with decreased cost efficiency and has no relation 

to increased safety or productive output, the conflicts between the NRC and 

the licensee will be particularly severe. 

To sum up, four sets of contrasting predictions can be derived from 

the existing arguments in the literature on nuclear power plant safety and 

economic outcomes. If the arguments made by the nuclear industry are 

correct, we will imd strong positive relationships between safety (deimed as 

incident-free operations) and productive output. On the other hand, if the 

predictions of some economists (e.g., Wood, 1978; Stever, 1980) are right, 

safety will be either unrelated or perhaps even negatively related to 

economic outcomes. Second, if NRC regulation is effective, we should imd a 

strong positive association between compliance and safety (incident-free 

operations). Finally, if criticisms of NRC effectiveness are valid (e.g., 

Wildavsky, 1983; U.S. Nuclear Regulatory Commission, 1990), we should 
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find a negative relationship between compliance with NRC regulations and 

cost efficiency, and possibly with productive output as well. 

The interrelations between nuclear power plant performance 

outcomes should reveal a great deal about: (1) the economic incentive of 

licensees to pursue safe operations, (2) the effectiveness of NRC regulation 

in enhancing plant safety, and (3) the economic consequences of compliance 

with NRC safety regulation. l 

1 The analyses were conducted on the full population of currently operating 
nuclear power plants and on the sub-sample of currently operating plants owned 
by private utilities (i.e., including investor-owned utilities but excluding municipal 
or federally-owned utilities). The results were nearly identical for the two sets of 
analyses. For this reason and because only plants of privately-owned utilities will 
be part of the analyses in Chapter 6, only the results for this sub-sample are 
presented here. 
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RELATIONSmP OF INCIDENT-FREE OPERATIONS WITH 

THE ECONOMIC OUTCOME MEASURES 
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Maintaining safety is expected to be costly. The issue of whether 

safety is in the economic interests of plants has typically been cast in terms 

of whether increases in costs are offset by improved output performance. 

Since nuclear power production tends to be substantially more cost efficient 

than other forms of electrical production, a decrease in cost efficiency would 

not be likely to completely eliminate its cost advantage over these 

alternative sources of electricity. Thus, even if safe (incident-free) 

operations decrease the cost efficiency of nuclear power production, there 

may still be an economic incentive to engage in safe operations if safe 

operations increases productive output. 

Hewlett and Mayes (1989) have found that the operating costs of 

nuclear power plants have risen substantially in the past 5 years. They 

explain this increase as due to: (1) increased regulatory requirements and 

(2) increased economic pressures on utilities. Together these factors have 

resulted in more money being spent on maintenance and operations (O&M) 

and capital additions in order to improve the operational performances of 

nuclear power plants. Economic pressures are argued to have motivated 

utilities to spend money to improve nuclear power plant performance since, 

in spite of increased costs, nuclear power will still be more cost efficient 
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than the alternative modes of electrical production.2 Increased 

expenditures on operations, maintenance, and capital additions may 

decrease cost efficiency at the plant-level, but not at the utility-level. This 

argument assumes, however, that increased expenditures will result in 

improved operations and increased output. In terms of the performance 

outcomes investigated in this project, the argument implies: (1) a positive 

relationship between productive output and incident-free operations (safety); 

(2) a negative relationship between cost efficiency at the plant level and 

incident-free operations; and (3) a negative relationship between cost 

efficiency and productive output. Each of these relationships are discussed 

below. 

The extent to which safe (incident-free) operations are associated with 

increased produ·:::tive output should reveal the degree to which there exists 

an economic incentive on the part of utilities to increase the safety 

performance of plants. However, even if safe operations are positively 

associated with productive output, the relationship may not be linear. 

There may be a point at which increases in safety no longer produce 

increases in productive output. These issues are explored in the analyses 

presented below. 

In order to address the questions raised above, INCIDENT-FREE 

OPERATIONS is regressed on both COST EFFICIENCY and 

PRODUCTIVE OUTPUT (see Table 5.1). The possibility of non-linear (i.e., 

2 If utilities generate a great deal of their electricity by hydro-electric plants 
which are also much more cost efficient than coal burning plants, this is perhaps 
somewhat less true. 
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TABLE 5-1. Safe Gncident-Free) Operations, Cost Efficiency, and Productive 
Output. 

Incident· Free Incident·Free 
Intercept Operations Operations2 R2 

Cost Efficiency 26.53 .50·· .15 
(4.23) (.13) 

29.12 .26 4.86 E-03 .15 
(6.65) (.49) (9.58) E-03 

Productive Output 47.96 .29 .00 
(8.07) (.25) 

40.50 .97 -.01 .02 
<12.77) (,94) (,02) 

Standard errors appear in parentheses. 
Significance levels: .(p.!:. 1.0), •• (p.!:. .05), ••• (p.!:. .01). 
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curvilinear) relationships are explored using the quadratic form; to do this a 

squared term is introduced into each of the regression equations. The 

purpose is mainly to determine whether there exists a point at which 

increases in safe (incident-free) operations are no longer associated with 

increases in productive output. 

The results of the fIrst regression equation presented in Table 5.1 

indicate that safe operations do not decrease cost efficiency. In fact, safe 

(incident-free) operations signifIcantly increase cost efficiency (explaining 

15% of the variation in cost efficiency across plants). The relationship 

between safety and cost efficiency is linear; the squared term is not 

significant. This positive relationship could be explained in two ways: (1) 

incident-free operations may increase productive output to the point that 

the costs associated with maintaining a safe plant are more than offset (cost 

efficiency is calculated as the cost per unit of electrical output) and/or (2) it 

may be less costly to maintain a safe plant and to prevent problems than it 

is to correct operating problems once they have occurred. 

The fIrst of these explanations can be dismissed by looking at the 

next regression equation in Table 5.1. There is no effect of INCIDENT

FREE OPERATIONS on PRODUCTIVE OUTPUT, thus, increasing safe 

operational performance does not lead to greater output. The argument 

typically made by representatives of the nuclear industry, that safety is in 

their economic interest because they want to avoid any potential risk to 

achieving their unit's maximum productive capabilities, does not appear to 
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be supported by these findings. Less safe operations do not appear to affect 

output. 

These results indicate that the real economic incentive to maintain 

safe plants is to avoid more expensive, reactive maintenance once problems 

do occur. Since plants have tended to be appraised by the utilities that own 

them largely on the basis of their output performance, it is not clear 

whether this relationship provides as strong an economic incentive as a 

relationship with productive output would have provided (not only because 

increased plant output, rather that increased cost efficiency, is more cost 

efficient at the utility level but because state regulation of utilities has 

traditionally allowed all costs to be passed onto the consumer). However, 

given the growing tendency for nuclear power plants to perform poorly in 

terms of costs as well as output and changes in state regulation which 

prevent costs from being automatically passed onto ratepayers, cost 

efficiency may be an increasingly important criterion by which utilities 

judge the performance of their nuclear power plants. 

Two important questions emerge from these f"mdings: (1) why are 

incident-free operations not associated with increased productive output? 

and (2) what does explain variations in nuclear power plant output 

performance? The answer to the IIrSt question evades any simple 

explanation. One testable possibility, however, may concern the nature of 

plant maintenance procedures. Because many components of a nuclear 

power reactor can only be maintained during scheduled maintenance 

outages, a well-maintained plant will tend to have longer or more frequent 



129 

maintenance outages. Therefore, these plants may not have the expected 

productive advantages. This explanation can not be investigated at this 

time due to the fact that data on the number of scheduled outages hours are 

not available, but these rmdings suggest that future research should focus 

on this issue. 

Regarding the second question, the determinants of productive 

output, it has been implied that plant operation and maintenance 

expenditures may be related to productive output. Unfortunately, these 

data could not be obtained for the years covered in this study (although they 

will become available shortly). At this point, only the relationship between 

COST EFFICIENCY and PRODUCTIVE OUTPUT can be explored. Since 

cost efficiency is a function of costs per unit of output, there may be a 

negative relationship between COST EFFICIENCY and PRODUCTIVE 

OUTPUT (see Table 5.2). Since costs may also be a function of poor 

operational performance (i.e., equipment problems, etc.) INCIDENT-FREE 

OPERATIONS and a possible interaction between COST EFFICIENCY and 

INCIDENT-FREE OPERATIONS are controlled for in the second equation 

in Table 5.2. Cost efficiency is fairly strongly related to productive output 

and the relationship is unaffected by the number of operational problems. 

Cost efficient plants appear to be both safer and more productive. but safety 

and productive output tend to be unrelated. This interpretation of the 

relationships discovered up to this point is diagrammed in Figure 5.1. 



TABLE 5-2. Cost Efficiency and Productive Output. 

Productive Output 

Productive Output 

Intercept 

25.04 
(6.48) 

27.86 
<21.40) 

Intercept 

22.50 
(7.64) 

16.14 
(21.96) 

Standard errors appear in parentheses. 

Cost 
Efficiency 

Cost 
Efficienc;i 

.SO$$$ .25 
(.15) 

.65 
(1.09) 

Cost 
Efficiency 

.76U • 

(.16) 

.93 
(.59) 

Incident-Free 
Operations 

.14 
(.21) 

.35 
(,74) 

1.89 E-03 
(.01) 

.25 

Incident-Free 
Operations 

Cost 
Efficiency 

-5.85 E-03 
(.02) 

Signficance levels: $(p ~ 1.0), U(p ~ .05), ·"CP ~ .01). 
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.26 

.26 



5.2 EFFECTIVENESS OF NRC SAFETY REGULATION: THE 

RELATIONSmP OF COMPLIANCE (AND SALP RATINGS) 

WITH INCIDENT-FREE OPERATIONS 
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Although the set of analyses presented in this section does not 

address the issue of whether nuclear power plants would perform as safely 

without any regulatory oversight and/or interference in their operations, 

they are intended to determine whether rigorous compliance with NRC 

safety requirements promotes safe operational performance. These analyses 

also are intended to indirectly determine whether prescriptive safety 

regulation is more or less effective than mere evaluative oversight by the 

NRC, by comparing the effect of compliance to that of the NRC's systematic 

assessments of licensee performance (SALP) ratings. Although SALP 

ratings are not associated with tmes and rarely result in any type of 

enforceable action mandated by the NRC, evaluative oversight brings public 

attention to those plants that fail to meet acceptable standards. This 

publicity should increase pressures on the plant from utilUy owners, and on 

the utility from investors, consumers, and local residents. "While it may be 

an effective strategy for regulators to publicize the quality of plant 

operations, it may not be effective for the NRC to use prescriptive 

regulations which limit the autonomy of plant managers. 

Industry representatives frequently suggest that NRC safety 

regulations do not always target the most important concerns for any 

particular plant, that expensive retro-fitting of requirements consumes 
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resources that could be better used elsewhere, and that NRC investigators 

are often inexperienced and not able to adequately determine when 

something is significant enough to warrant being cited as a violation (U.S. 

Nuclear Regulatory Commission, 1990). Many outside observers (including 

neo-classical economists such as Wood, 1983; Stever, 1980) concur that 

prescriptive regulation is ineffective. Wood (1983) argues that safety is 

enhanced when the actors with the best information regarding plant 

operational performance (plant managers) are free to allocate resources 

according to what they perceive to be the most important needs. These 

critics suggest that establishing safety performance objectives rather than 

prescribing the means of achieving safe performance would be a preferable 

approach. 

In order to address these arguments, the measure of INCIDENT

FREE OPERATIONS is regressed on both COMPLIANCE with NRC 

regulations and NRC SALP ratings (see Tables 5.3 and 5.4). In Table 5.3, 

compliance with NRC safety regulations is found to have a significant 

positive relationship with safe (incident-free) operations--the degree of 

compliance accounts for an estimated 20% of the variation in safe 

operational performance. Hence, enforcement of NRC prescriptive 

regulations appears to be an effective safety devise. However. there is a 

point of diminishing return. as indicated by a significant curvilinear 

functional form. Being too compliant actually lowers safety performance. 

These findings provide mixed answers to the question of whether or 

not NRC safety regulation is effective. Although compliance is somewhat 
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TABLE 5-3. Compliance and Safe Gncident-F:ree) Operations. 

Intercept Compliance Compliance2 &2 

Incident-Free 21.21 .39·" .20 
Operations (2.25) (.08) 

11.94 1.25··· -.02·· .25 
(4.55) (.38) (7.71) E-03 

Compliance Compliance2 

Intercept (Serious Only) (Serious Only) &2 

Incident-Free 20.11 2.13··· .17 
Operations (2.72) (.49) 

16.49 4.41·· -.28 .19 
(4.10) (2.00) (.24) 

Compliance Compliance2 

Intercept <Minor Only) <Minor Only) &2 

Incident-Free 21.10 .39··· .17 
Operations (2.49) (.09) 

10.21 1.35··· -.02·· .21 
(6.09) (.50) (9.99) E-03 

Compliance Compliance Compliance2 

Intercept (Serious Only) <Minor Only) <Minor Only) &2 

Incident-Free 16.48 1.47··· .27··· .24 
Operations (2.93) (.53) (.10) 

8.31 1.33·*· 1.04" -.02· .26 
(5.97) (.54) (.50) (9.85) E-03 

(Standardized Coefficients) 

.29*·· .29**· .24 

Standard errors appear in parentheses. 
Significance levels: *CP ~ 1.0), •• (p .::. .05), ••• (p.::. .01). 
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TABLE 5-4. A Comparison of the Relationship between Compliance versus SALP 
Ratings and Safe Uncident-Free) Operations. 

. Incident-Free 
Operations 

Incident-Free 
Operations 

Intercept 

22.73 
(2.61) 

16.95 
(7.84) 

Intercept 

Standard errors appear in parentheses. 

SALP 

8.57·" 
(2.46) 

20.63 
(15.60) 

SALP 

4.80·· 
<2.41) 

SALP2 

-5.89 
(7.53) 

Compliance 

1.11··· 
(.39) 

(Standardized Coefficients) 

.38·· 

Significance levels: *(p.=:. 1.0), "Cp .=:. .05), ••• (p.=:. .01). 

&2 

.13 

.13 

Compliance2 

-.02*· 
(7.90) E-03 

&2 

.29 

.26 
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effective in bringing about safe performance, at some point it appears to be 

counter-productive. The relationship between compliance and safety 

performance, perhaps, may become clearer if compliance with more serious 

safety-significant regulations and compliance with more minor regulations 

are investigated separately (see Table 5.3, COMPLIANCE (SERIOUS 

ONLy) and COMPLIANCE (MINOR ONLY). The curvilinear form is not 

significant for compliance with serious safety-significant regulations. only 

for compliance with more minor regulations. Managers and operators of 

safe plants seem to be able to distinguish between important and 

unimportant (or at least less important) regulations. Perhaps meticulous 

compliance to minor regulations may be indicative of a plant that is not 

particularly well run. 

In order to compare the effectiveness of prescriptive regulation to 

mere evaluative assessments of performance, the effect of COMPLIANCE 

and the effect of SALP ratings on actual operational safety performance are 

compared (see Table 5.4). Although SALP ratings also have a significant 

positive relationship to incident-free operations, the amount of variation 

explained is less than that explained by the compliance measure. With both 

COMPLIANCE and SALP in the equation, the amount of variance in 

INCIDENT-FREE OPERATIONS that can be explained is still only 20%; 

moreover, the standard coefficient for COMPLIANCE is .38 versus .22 for 

SALP. One reason for this difference is that there is little variation in the 

SALP measure; SALP ratings only range from 1 to 3 points, with half points 

occasionally assigned, and plants are rarely given the most negative score. 
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Standardizing the metric does not compensate for the fact that SALP scores 

are not very rme-grained within this range. 

The rmdings so far indicate that compliance with NRC regulations, 

especially with the more important regulations, results in safer plant 

performance. Furthermore, there may be some economic motivation to 

operate safely, since safe operation increases cost efficiency, although it does 

not increase productive output. The next question is whether compliance 

tends to negatively affect cost efficiency. 

5.3 COST EFFICIENCY OF COMPLIANCE: THE RELATIONSmP 

OF COMPLIANCE WITH COST EFFICIENCY 

This section explores two related issues: (1) the effect of compliance 

on cost efficiency; and (2) whether achieving incident-free operations 

without high compliance is more cost efficient. The results of COST 

EFFICIENCY regressed on COMPLIANCE are reported in Table 5.5. 

Compliance has a significant positive relationship with cost efficiency, but 

again the relationship is curvilinear such that fairly high levels of 

compliance begin to erode this cost advantage to a small degree. 

Approximately 12% of the plants exceed the level at which compliance is 

most cost efficient. The curvilinear result is a bit more pronounced when 

compliance with the more serious safety-significant regulations are looked 

at separately; an estimated 25% of the variance in cost efficiency can be 

explained but rigorous compliance with these regulations tends to reduce 
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TABLE 5-5. Cost Efficiency and Compliance. 

Intercept Compliance Compliance2 R2 

Cost Efficiency 36.46 .22. .04 
(3.34) (.12) 

23.23 1.46··· ·.03·· .10 
(6.67) (.56) (.01) 

Compliance Compliance2 

Intercept (Serious Only) (Serious Only) R2 

Cost Efficiency 32.99 1.74··· .07 
(3.83) (.70) 

15.54 12.76··· -1.38··· .25 
(5.22) <2.56) (.31) 

Compliance Compliance2 

Intercept (Minor Only) (Minor Only) R2 

Cost Efficiency 36.93 .20 .03 
(3.65) (.14) 

25.05 1.26· -.02·· .05 
(8.92) (.74) (.Ol) 

Compliance Compliance Compliance2 

Intercept (Minor Only) (Serious Only) (Serious Only) &2 

Cost Efficiency 32.01 .07 1.57·· .07 
(4.35) (.15) (.78) 

14.26 .09 12.60··· ·1.39··· .26 
(5.59) (.13) <2.58) (.31) 

Standard errors appear in parentheses. 
Significance levels: .(p.::. 1.0), "(p.::.. .05), ···Cp.::. .01). 
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cost efficiency, with 19% of the plants complying beyond the point of 

maximum cost efficiency. Therefore, although very high levels of 

compliance to more serious safety-significant regulations were found to 

improve safety performance, cost efficiency may be reduced slightly. 

Compliance with lesser safety-significant regulations does not lead to cost 

inefficiency. Higher levels of compliance, in this case, have a constant, 

albeit weaker, relationship to improved cost efficiency. These results do not 

provide much support for arguments suggesting that NRC regulations have 

made nuclear power plants cost inefficient (Tomain, 1978:2; Hewlett and 

Mayes, 1989). If anything, compliant plants tend to be more cost efficient 

than non-compliant plants and, even at very high levels of compliance, cost 

efficiency is better than it is for plants with below average compliance rates. 

Because the results of previous analyses discussed in section 5.1 

above demonstrated that safe (incident-free) operations improve cost 

efficiency, the next issues to be addressed are: (1) whether the positive 

effect of compliance on cost efficiency is due to its relationship with 

incident-free operations and, therefore, whether controlling for incident-free 

operations will eliminate or reverse this effect; and (2) whether achieving 

incident-free operations without compliance would be more cost efficient. To 

address the fIrst of these issues, COST EFFICIENCY is regressed on both 

INCIDENT-FREE OPERATIONS and COMPLIANCE; the results are 

displayed in Table 5.6. Perhaps if the relation to improved performance is 

removed, compliance will register a negative effect on cost efficiency. The 

results indicate that compliance (serious and minor combined) appears to 
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TABLE 5-6. Compliance, Safe Gncident-Free) Operations, and Cost Efficiency. 

Incident-Free 
lDtercept Operations Compliance Compliance2 R2 

Cost Efficiency 26.10 .48··· .04 .15 
(4.47) (.15) (.13) 

18.31 .42··· .91 -.02 .18 
(6.65) (.15) (.57) (,01) 

Incident-Free Compliance Compliance2 

lDtercept Operations (Serious Only) (Serious Only) R2 

Cost Efficiency 24.l5 .43·" .85 .16 
(4.69) (.14) (.73) 

9.66 .3S··· 11.14··· -1.27··· .32 
(5.49) (.13) <2.53) (.30) 

lDcident-Free Compliance Compliance2 

Intercept Operations (Minor Only) <Minor Only) R3 

Cost Efficiency 26.31 .50··· .02 .15 
(4.63) (.15) (.14) 

20.43 .47··· .60 -.01 .16 
(8.59) (.15> (,73) (,01) 

Standard errors appear in parentheses. 
Significance levels: .(p ~ 1.0), "(p ~ .05), ••• (p ~ .01). 
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have no effect on cost efficiency apart from its effect on improving 

operational performance. However, when compliance to serious and minor 

regulations are explored separately, there does appear to be some evidence 

of an independent effect of compliance on improved cost efficiency. The 

effect of compliance with minor regulations disappears, but the initial 

positive effect of compliance with serious regulations on cost efficiency can 

not be merely attributed to the fact the compliance is associated with safer 

(incident-free) performance which is, in turn, associated with cost efficiency. 

The curvilinear effect of compliance with more serious safety-significant 

regulations is largely unchanged. If anything, there tends to be a slightly 

less pronounced tendency for diminishing returns; a imding which would 

appear to be somewhat contrary to expectations. 

Since high levels of compliance, at least with serious safety

significant regulations, is not cost efficient, an attempt to more directly test 

whether compliance impairs cost efficiency if safe (incident-free) 

performance can be achieved without it is conducted. First, it is necessary 

to determine whether safe (incident-free) operations can be achieved 

without compliance to NRC regulations. Plants in the top 1/3 with respect 

to INCIDENT-FREE OPERATIONS but in the lower 2/3's with respect to 

COMPLIANCE are contrasted to plants in the top 1/3 on both performance 

dimensions. Although more plants that have high. safety performance also 

have high compliance, the breakdown is only 60 versus 40 percent--i.e., 40% 

of all the top safety performers achieved safety without high compliance 

with NRC regulations. High compliance does not appear to very necessary 
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to achieve safe performance. Surprisingly, no significant difference in cost 

efficiency across the two groups was found, even when compliance was 

restricted to serious regulations. Therefore, it appears that although some 

plants are able to maintain high safety performance without complying with 

NRC regulations, they do not increase their cost efficiency by doing so. 

The effects of compliance to NRC regulations are rather surprising. 

Not only is compliance effective in enhancing safety but there is little 

evidence to suggest that compliance is cost inefficient and somewhat 

stronger evidence to suggest that it may, in fact, be cost efficient. In light 

of these imdings, the effects of compliance on productive output are 

examined. In was previously established in section 5.1 that incident-free 

operations do not have the effect of increasing productive output; could 

compliance possibly have such an effect? Compliance does appear to be 

significantly associated. at least up to a point. with improved productive 

output (see Table 5.7). The relationship between compliance and productive 

output is significant but weak (only explaining an estimated 12% of the 

variance) and is largely attributable to compliance with the more serious 

safety-significant regulations. Moreover, the relationship is curvilinear such 

that at some point compliance with these regulations no longer increases 

production. Although too much should not be made of this rather mixed 

imding, it is notable that COMPLIANCE appears to have a stronger 

positive relationship with productive output than does INCIDENT-FREE 

OPERATIONS. 
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TABLE 5-7. Compliance and Productive Output. 

Intercept Compliance Compliancez RZ 

Productive 57.66 -.02 .00 
Output (33.32) (.22) 

33.32 2.23** -.05** .06 
(12.14) (1.01) (.02) 

Compliance Compliancez 

Intercept (Serious Only) <Serious Only) RZ 

Productive 52.52 .86 .00 
Output (7.08) 1.29 

26.87 16.98··· -2.02··· .12 
(10.14) (4.94) (.60) 

Compliance Compliancez 

Intercept <Minor Only) <Minor Only) R2 

Productive 58.54 -.05 .00 
Output (6.51) (.24) 

34.83 2.03 -.04 .03 
(16.03) (1.31) (.03) 

Standard errors appear in parentheses. 
Significance levels: ·(P.!S 1.0), "(P.!S .05>, ••• (p .!S .01). 
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In conclusion, besides the fact that prescriptive NRC safety regulation 

does appear to be quite effective in making plants operate more safely (with 

the exception of a very small negative effect of overly rigorous compliance to 

minor regulations), it also tends to be somewhat cost efficient (although 

very high compliance with more serious safety-significant regulations erodes 

this advantage to some extent). Although there may be room for 

improvement, the sometimes harsh evaluation of NRC safety regulation by 

the industry (U.S. Nuclear Regulatory Commission, 1990) and some scholars 

(Wood, 1983:12; Stever, 1980; Wildavsky, 1983) does not appear to be 

warranted. In fact, compliance surpasses what was initially posited to be 

the more valid measure of safety performance (INCIDENT-FREE 

OPERATIONS) in predicting productive output. 

5.4 SUMMARY 

This chapter opened with three central questions: (1) does 

maintaining safe (incident-free) operations increase or decrease productive 

output and/or cost efficiency?; (2) does compliance with NRC regulations 

increase safety?; and (3) does compliance with NRC regulations decrease 

cost efficiency and/or productive output? By exploring relations between our 

four dependent variables, each of these questions has been answered. 

With respect to the fIrst question, one of the most important imdings 

of this chapter is that safe (incident-free) operations are not associated with 

greater productive output. The self-serving argument made by the nuclear 
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industry that the two are positively related is refuted. Safe (incident-free) 

operations are, however, cost efficient. Thus, the alternative argument 

made by the economists Wood, 1983; Stever, 1980) is also refuted; greater 

increments of safety do not appear to be increasingly cost inefficient. The 

finding suggests that well-run plants that prevent operational problems 

from occurring are more cost efficient than those that merely react to 

problems as they occur. 

The answer to the second question also contradicts expectations in 

much of the literature. The strongest criticism made against NRC safety 

regulation has also been challenged. Several critics (Stever, 1980; 

Wildavsky, 1983; Wood, 1978) have suggested that NRC regulation is an 

ineffective means of promoting safe nuclear operations. Based on the 

results of these analyses, this argument is not supported. Compliance with 

NRC safety regulations has been shown to be at least positively associated 

with enhanced safety performance. 

The answer to the third question is also somewhat surprising. 

Contrary to the complaints by the industry and the argument made by some 

industry observers (e.g., Wildavsky, 1983) compliance with NRC regulations 

is positively related to cost efficiency. However, an important caveat should 

be noted. The relationship is not entirely linear, and very high levels of 

compliance begin to decrease the cost efficiency advantage. The same 

relationship holds for the effects of compliance on productive output 

(although the effects are weaker). The relationship is positive up to a point, 

but beyond that point, compliance no longer improves productive output. 
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One additional aspect of the relations between these dependent 

variables is notable. Although safety performance (both incident-free 

operations and compliance) appears to have some positive effect on cost 

efficiency, neither have any effect on productive output. All we know so far 

is that productive output is positively associated with. cost efficiency. This 

finding contradicts arguments that greater productive capacity can only be 

achieved by increasing per-unit operating costs (Hewlett et al., 1988). 

Perhaps the analyses presented in the next chapter, exploring the effects of 

the larger organizational context on these dependent variables, will help us 

understand this anomaly. 

The next chapter will explore the relationships between 

organizational and institutional factors and the four performance outcomes 

discussed in this chapter. We expect these factors to produce variation in 

both safety and economic outcomes, and in the relationships between them. 
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INSTITUTIONAL CONTEXT 
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The focus of this chapter is to empirically assess: (1) the consequences 

of variations in the larger organizational context for the performance 

outcomes of nuclear power plants; and (2) to determine whether variations 

in the larger organizational structure condition or mediate the effects of the 

larger institutional context (mainly NRC regulation). There are two main 

reasons for this focus. First, there have been notable changes occurring 

within the larger organizational context which have affected the relation 

between the utility and the plant. Second, the effects of the institutional 

level may depend on the nature of the plant-utility relation. For example, 

the effectiveness of the NRC and/or the effects state regulatory practices 

may depend both on the nature of their relations with the utility, and on 

the nature of the relationship between the utility and the plant. 

6.1 THE RESEARCH QUESTIONS 

The primary research questions posed in this chapter are: 

Does the larger organizational structure (ownership and control 
patterns, size and diversification) influence nuc1eax power plant 
outcomes? For example, are some organizational structures 
more conducive to enhancing compliance and/or safety and 
others more conducive to enhancing cost efficiency and/or 
productive output? 
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Does the financial well-being of utilities affect nuclear power 
plant outcomes? How does the relationship between the 
organizational structure and the financial well-being of utilities 
affect nuclear power plant outcomes? 

Do changes in state regulation, i.e., economic incentive 
programs, affect nuclear power plant outcomes and does the 
effect depend on the imancial well-being of the utilities and/or 
the larger organizational structure? 

6.2 OVERVIEW OF THEORETICAL ISSUES 

In Chapter 3 several potential problems deriving from ownership 

diffusion, diversification, the level of investment and commitment to nuclear 

power, resource constraints and pressures, and risk-taking propensities 

were discussed. Although not all of the theoretical issues discussed can be 

investigated empirically, several key theoretical issues can be explored with 

the available data. 

6.2.1 The Institutional Context 

The institutional context consists primarily of the NRC and, 

secondarily of state regulatory agencies, called public utility commissions 

(PUCs) or public service commissions (PSCs) (see Figure 1.1). The NRC is 

designed to treat all utilities that are licensed to operate nuclear power 

plants in a uniform manner. Unintended regional variations (Marcus et al., 

1989) and variations in detection rates across NRC inspection teams 

(Feinstein, 1989) have been empirically documented, but these small 
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variations do not constitute variations in the form of the organizational 

relationships of interest in this dissertation. The issue of concern in this 

chapter is whether the effectiveness of NRC regulation is affected by 

changes in the nature of utility/plant relations. The effectiveness of the 

NRC was indirectly assessed in Chapter 5 by looking at relationships 

between nuclear power plant outcomes; this chapter looks at variations in 

compliance across various organizational arrangements to assess which are 

most conducive to effective NRC regulation. 

6.2.2 The Larger Organizational Context 

Changes in the larger organizational context of nuclear power plants 

are the dominant focus of this chapter. In response to the rising costs of 

nuclear power plant construction, utilities increasingly pooled resources to 

build plants, creating a situation of diffused plant ownership. With the 

addition of nuclear power plants the size and diversity of utilities greatly 

increased (Osborn et al., 1986). Mergers and diversification through non

utility acquisitions are further increasing the size and diversity of the larger 

organizational structure. Mergers and non-utility diversification typically 

involve the formation of a holding company. Along with increasing size and 

diversification, a tendency is just beginning for utilities to concentrate their 

activities by splitting off their generating and transmission components, 

retainjng only their natural monopoly in distribution. Specialized nuclear 

operating companies have been formed or hired to assume operating control 
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of their nuclear power plants. Finally, the imancial situation of utilities has 

changed substantially. Utilities are just now beginning to show signs of 

economic recovery after nearly a decade of financial decline (Tomain, 1989). 

Ownership patterns and control of nuclear power plants have become 

increasingly complex. The simple situation of a single independent utility 

owning and operating one or more nuclear power plants has been steadily 

transformed; only 40% of all cases still fit this pattern. 

Together these changes have created substantial variation across 

plants in the extent and type of principal-agent problems that exist, the 

level of investment in and commitment to nuclear power, resource 

constraints and pressures, and risk-taking propensities. This variation 

provides an opportunity to begin to investigate the effects of several 

important theoretical issues. The potential consequences of each of these 

trends (ownership diffusion, size and diversification, specialized operating 

companies, the formation of holding companies, poor imancial health) for 

nuclear power plant operational performance are briefly reviewed below. 

6.3 EFFECTS OF VARIATIONS IN THE LARGER 

ORGANIZATIONAL STRUCTURE: OWNERSmP. CONTROL. 

SIZE, AND DIVERSIFICATION 

Patterns of ownership, control, size and diversification have affected 

the nature of the principal-agent relationship between the utility and the 

plant. Effects of these changes include; (1) complexities due to multiple 
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principals; (2) problems due to multiple and diverse agents; and (3) changes 

in the relative and absolute level of investment in and commitment to the 

nuclear power plant. 

Diffused ownership of nuclear power plants across multiple utilities 

changes the nature of the principal-agent relationship between the utility 

and the plant. A lack of effective control can arise as a result of problems 

with multiple principals, and consequent collective action problems. The 

more diffused the ownership, the less investment each utility has in 

maintaining a safe, compliant, and efficient plant. Not only is investment 

less but the liability of each utility is accordingly decreased; risk-taking 

could be consequently affected. The problems may be particularly great for 

safety and compliance. Whereas all principals have some proportional 

interest in increased productive output and cost efficiency, the non-licensed 

owners have little incentive for enhancing safety or compliance unless 

compliance or safety expenses can be justified in terms of better economic 

performance (output or cost efficiency). Only one of the utilities is the 

licensee (the utility actually responsible for operating the plant and, as 

such, the only utility accountable to the NRC for the safety and compliance 

performance of the particular nuclear power plant). The major costs of 

noncompliance are increased regulatory oversight and interference on the 

part of the NRC (tmes tend to be fairly minjmal). Both plant and utility 

licensee management have incentives to avoid this situation, but these types 

of costs are not shared by the non-licensee owners. Since the results of 

Chapter 5 showed that there was no relationship between safety and 
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productive output, there may not be a strong economic incentive to enhance 

safety. Moreover, if the economic performance of a plant is satisfactory, the 

non-licensed utilities may perceive little advantage to safety expenses. If 

the plant's economic performance is poor it may also be difficult to get the 

other utilities to allocate sufficient funds to get it back in shape. They have 

no direct control and they may not trust the licensee to perform any better 

in the future. This is a situation of the multiple principals problem, where 

only one (the licensee) has a stake in the level of plant compliance. The 

separation of ownership and control may create a sub-optimal incentive 

structure and control problems on the part of the licensee. 

In addition to problems stemming from multiple principals, increased 

size and diversification present problems of control resulting from multiple 

and diverse agents. Not only has the sheer number of plants increased, but 

utilities with nuclear power plants face a situation in which they must 

manage and control highly diverse generating facilities. Nuclear power 

plants are technologically highly dissimilar to the more traditional types of 

electrical generation plants. Can utilities effectively manage these diverse 

technologies? According to Williamson, once an organization becomes too 

diverse and/or too large, traditional hierarchically-organized unitary 

structures (the U-Form) can no longer exercise effective control. This 

problem can be resolved by adopting a multi-divisional form (M-form) where 

the subunits are no longer directly controlled and managed but are 

controlled indirectly through internal competition. 
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Forming or hiring a specialized operating company can potentially 

reduce problems due to both multiple agents and multiple principals. 

Utilities that own and operate many different types of electricity-generating 

plants (coal, hydro-electric, nuclear) as well as operating related businesses 

such as gas facilities, and functionally related activities such as gas 

exploration, may become too diversified to manage effectively. Utilities can 

concentrate their operations by splitting off generation and transmission 

from distribution, and there has been some movement in this direction 

(Silverman, 1987).1 Since nuclear operations are significantly more 

complex than other forms of electrical generation, forming or hiring 

specialized nuclear operating companies is likely to become increasingly 

common. A specialized nuclear operating company reduces the problems of 

effectively managing diverse multiple agents. 

While the use of a specialized nuclear operating company could be 

motivated by problems stemming from too many diverse agents, it could 

also be motivated by problems due to multiple principals. Most specialized 

nuclear operating companies are currently independent companies, not 

subsidiaries of the utility owners or a utility holding company. 

Increasingly, however, utilities which own multiple nuclear power plants 

may find it beneficial to form an operating company subsidiary. The 

attempt by Commonwealth Edison to form a generating company is 

1 Utilities have a natural monopoly in distribution which state regulators 
show every sign of preserving for the benefit of residential customers. But 
generation and, to a lesser extent, transmission are a different story and 
regulators are increasingly less inclined to guarantee the return on utility 
investments in generating assets (Silverman, 1987). 
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probably the best known example (Commonwealth owns and operates 12 

nuclear reactors). Under its proposed plan, Commonwealth Edison will 

purchase 100 percent of the power generated by its nuclear generating 

company for 5 years, after which time the generating company can sell the 

power in the open market. As more nuclear operating companies get 

formed, it will be increasingly non-competitive for utilities to operate several 

different types of plants, especially one-of-a-kind plants. Thus, utilities with 

only one or two nuclear power plants will probably f'md that maintaining 

control over these plants is non-competitive and will turn these over to 

specialized nuclear operating companies when this option becomes available. 

Currently specialized operating companies are being formed primarily when 

plant ownership is highly diffused. 

In sum, a specialized nuclear operating company can reduce problems 

resulting from both multiple agents and multiple principals by creating a 

more focused and unified "sub-principal." To the extent that a specialized 

nuclear operations company resolves problems of ownership diffusion, 

compliance should be improved. To the extent that specialized operating 

companies are more effective and efficient, all of the performance outcomes 

could be positively affected. 

Formation of a holding company is typically motivated by 

management considerations which have little to due with nuclear operations 

per se (Hawes, 1983/1985/1987). However, holding company formation may 

be a response to larger and more diversified utility operations, consistent 

with the predictions suggested by Williamson's transaction cost theory (Le., 
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the increased concentration of admjnistrative functions (the U -form) or the 

formation of more multi-divisional form). Holding company formation could 

also be motivated by fmancial considerations. The major reason cited for 

the formation of a holding company is to increase a utility's ability to 

survive and/or thrive during a period in which the electrical industry is 

experiencing imancial setbacks. By establishing a holding company, the 

utility can experience advantages resulting from greater imancial 

diversification (there is, however, no evidence to date that to suggest that 

diversified holding companies have fared any better fmancially (Hawes, 

1983/1985/1987». The many reasons for forming a holding company may 

account for the fact that there are many diverse types of holding companies 

in this industry. Regardless of the reasons leading to holding company 

formation, the resulting changes in the larger organizational structure may 

have consequences for nuclear operations. Although. the formation of a 

holding company is less likely to be motivated because of solutions it can 

provide for nuclear operational problems, holding companies can serve 

functions similar to those of specialized operating companies. If a holding 

company combines several utilities that share ownership of particular 

nuclear power plants, multiple principal problems are reduced. 

Concentrating ownership by establishing a larger organizational unit can 

eliminate many of the problems associated with diffused plant ownership 

discussed above by creating a single "supra-principal." 

A holding company may also solve problems due to multiple agents. 

A large diversified organization may be more effective if it manages its 
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subunits through indirect rather than direct forms of control (Williamson, 

1984). Pressures stemming from internal competition among more 

functional autonomous subunits motivate the subunits to operate efficiently. 

If such an organization contributes to better run nuclear power plants there 

may be a positive effect on all performance outcomes. On the other hand, 

pressures for efficiency may motivate plants to take risks in terms of safety 

and/or compliance in order to enhance short-term production output or cost 

efficiencies. Moreover, the larger organizational unit (the holding company) 

is fairly insulated from the costs of non-compliance. The ability of the 

utility license to get the needed resources to make safety improvements or 

to comply with NRC regulations, especially if a direct link to productive 

output is not obvious, may be difficult. The NRC is also in a weakened 

position to exert control since the utility licensee is no longer an 

autonomous entity. The extent to which the holding company is committed 

to nuclear power and to electrical generation in general may also be 

important. A highly diversified holding company is in a better position to 

allocate resources to the more profitable sectors of its business and is less 

vulnerable to the consequent financial problems due to poorly performing 

utilities. 

The changes in the larger organizational structures of nuclear power 

plants are, therefore, expected to have important consequences for the way 

nuclear power plants are managed and operated. A series of figures are 

used to demonstrate more clearly the differences between organizational 

structures. 
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Figure 6.1 shows the simplest and most common arrangement, an 

independent utility with dominant, if not sole, ownership of one or more 

nuclear plants. The total number of nuclear power plants owned by the 

utility may also be important (the number of nuclear plants is left open 

ended, with dots indicating variation along this dimension). First, the 

number of nuclear power plants may be important in terms of the relative 

and absolute level of investment in nuclear power (the number of other non

nuclear plants, etc., is again suggested with the use of dots). The level of 

investment may in tum affect the commitment of the utility to its nuclear 

power plants, its willingness to take risks, and the extent to which 

sufficient management attention and resources can be devoted to the 

nuclear operations. Second, the number of nuclear power plants may 

represent possible economies of scale and learning advantages. A utility 

with several plants may be able to operate more efficiently than a utility 

with fewer plants. A great deal of this operational efficiency may be due to 

the sharing of information and learning across nuclear sites. 

Although 40% of all nuclear plants are still characterized by the 

situation represented in Figure 6.1, many additional configurations have 

since emerged. Figures 6.2 through 6.7 illustrate the organizational variety 

that now exits. Figure 6.2 illustrates a situation in which multiple utilities 

share ownership of one or more nuclear power plants. Figure 6.3 illustrates 

the hiring of an independent nuclear operating company by the joint 

owners. The remaining four figures differentiate between types of holding 

company arrangements. Some utilities have merely incorporated, forming a 



Utility. 

Nuclear 
• 
• 
• 

Other 
• 
• 
• 

FIGURE 6-1. Independent Utility with Dominant 
Ownership ~80%) orOne or More Nuclear Power 

Plants. 
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FIGURE 6-2. Diffused Ownership: Multiple 
Independent Utilities with Shared Ownership of 

One or More Nuclear Power Plants. 
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FIGURE 6-3. The Specialized Nuclear Operating 
Company. 
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FIGURE 6-4. Incorporated Utility with Dominant 
Ownership of One or More Nuclear Power Plants 

(Incorporated Version of Figure 6-1). 

160 



Utilityl 

Holding Company 

Nuclear 1 
• • • 

Utility 2 

FIGURE 6-5. Holding Company Unifying Utilities 
with Joint Ownership of Nuclear Power Plants. 
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FIGURE 6-6. Holding Company Unifying Utilities 
with Separate Ownership of Multiple Nuclear 

Power Plants. 
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FIGURE 6-7. Diversified Holding Company 
(Including Both Utility and Non-Utility 

Subsidiaries). 
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holding company which basically owns the utility and nothing more (see 

Figure 6.4). Often a holding company combines several utilities under this 

higher organizational level. Figure 6.5 illustrates a situation in which 

previously independent utility owners of a particular nuclear plant(s) are 

combined within a holding company, thereby concentrating the level of 

nuclear power plant ownership at this higher leveL Figure 6.6 portrays a 

case in which the number of nuclear power plants is increased but 

concentration of ownership is not affected. This figure is included because 

formation of a multi-utility holding company can often have the effect of 

increasing the level of total investment in nuclear power and can possibly 

lead to management efficiencies due to economies of scale. The last figure, 

Figure 6.7, illustrates a fairly diversified holding company which, rather 

than increased investment in nuclear power, serves to decrease the 

organization's relative investment in electrical generation as a whole. 

The important differences implied by each of these figures are 

empirically investigated by constructing variables that reflect these 

differences in organizational and ownership structure. In order to 

systematically present the imdings, the sets of analyses corresponding to 

each of the figures are presented sequentially. It will thus be helpful for 

the reader to keep these figures in mind and to refer back to them 

throughout this discussion. 



6.3.1 The Independent Utility with Dominant Ownership 

of One or More Plants 
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Before contrasting this relatively simple situation with the more 

complex organizational arrangements that have been emerging over time, 

there are variations within this situation that deserve attention. The 

number of nuclear power plants and the relative investment in nuclear 

power are potentially important factors in explaining differences in plant 

performance. 

Table 6.1 shows the effects of these variations across utilities in this 

basic category. Percent nuclear has a positive effect on both productive 

output and cost efficiency, explaining a sizable amount of the variance on 

these outcomes measures (14 and 16 percent respectively). This suggests 

that investment in nuclear power does lead to production efficiencies. The 

numbers of reactors, however, has no significant effects on any of the 

dependent outcome measures. There is, thus, no evidence for management 

efficiencies or learning advantages resulting from multiple nuclear units. In 

fact, there is a consistent non-significant negative association across each of 

the performance outcome measures. Also, these two findings together 

suggest that problems with multiple agents do not result from having a 

large number of nuclear agents but from the diversity of multiple agents 

(non-nuclear as well as nuclear plants). 
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TABLE 6-1. The Independent Utility Owner: Effects of Number of Nuclear 
Reactors and the Relative Investment in Nuclear Power. 

Incident-Free 
Operations 

Compliance 

Productive 
Output 

Cost 
Efficiency 

Intercept 

32.06 
(.94) 

30.78 
(1.82) 

30.78 
(1.82) 

27.59 
(.89) 

27.85 
(1.76) 

57.66 
(2.24) 

49.15 
(3.99 

49.15 

44.16 
(1.31) 

38.85 
(2.41) 

38.85 
(2.44) 

Number of 
Nuclear Reactors 

-5.94 E-05 
(5.79) E-05 

-6.39 E-05 
(5.84) E-05 

-7.83 E-05 
(5.48) E-05 

-3.62 E-05 
(1.38) E-04 

-6.65 E-05 
(1.30) E-04 

·2.09 E-07 
(7.75) E-05 

-1.75 E-05 
(7.23) E-05 

Percent 
Nuclear 

.02 
(03) 

.03 
(03) 

-9.83 E-03 
(.03) 

.18** 
(.07) 

.18** 
(.07) 

.11** 
(.04) 

.11** 
(.04) 

&2 

.03 

.01 

.05 

.05 

.00 

.00 

.14 

.15 

.00 

.16 

.16 
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6.3.2 Diffused Ownership 

One of the major issues is whether performance differences are 

caused by the diffusion of ownership (the contrast between the 

organizational pattern in Figure 6.1 with that of Figure 6.2). Two measures 

of ownership diffusion are used to address this question: the percent 

ownership on the part of the utility licensee and an index of the diffusion of 

ownership over all the owning utilities. Both are important. The fIrst taps 

the degree of control by the key utility; the second gauges the extent of the 

collective action problem by taking into account the number and percent 

ownership of all the utilities. For example 45% ownership on the part of 

the primary utility (i.e., the licensee) may mean something very different if 

the second utility participant also owns 45% than if the split is 45, 28, 14, 

and 13. Collective action problems are most difficult when a larger number 

of utilities with similar levels of ownership are involved. The effects of 

these two factors are displayed in Table 6.2. The results indicate that 

percent licensee ownership and diffusion of ownership among the other 

utility owner affect COMPLIANCE and COST EFFICIENCY, but not 

INCIDENT FREE OPERATIONS or PRODUCTIVE OUTPUT. It was 

predicted that ownership problems would be a more serious problem for 

compliance and safety than for the economic performance outcomes. 

COMPLIANCE is the most affected, but only 4% of the variance is 

explained. Safety GNCIDENT-FREE OPERATIONS) is not affected by 

these factors. It is also not clear why only one of the economic performance 
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TABLE 6-2. Diffused Ownership: The Percent Ownership of the Utility Licensee 
and the Degree of Ownership Diffusion. 

Incident·Free 
Operations 

Compliance 

Productive 
Output 

Cost 
Efficiency 

Intercept 

29.71 
(l.40) 

31.98 
(.81) 

22.10 
(1.89) 

27.20 
(1.10) 

52.97 
(3.47) 

57.46 
(2.02) 

38.28 
(2.17) 

43.26 
(1.18) 

Licensee Percent 
Ownership 

.02 
(.02) 

.05-
(.02) 

.05 
(.04) 

.05-
(.03) 

Ownership 
Diffusion 

-. 25 
(.20) 

-.53-· 
(.28) 

-.33 
(.51) 

-.46-
(.30) 

R2 

.Ql 

.02 

.04 

.04 

.00 

.00 

.04 

.02 
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measures, COST EFFICIENCY, is affected (the effect, while significant, is 

small). 

Given the weakness of these effects, it is possible that they may 

disappear once a few relevant controls are introduced. The extent to which 

ownership diffusion matters when other factors are controlled is explored. 

As noted above, that the degree of investment in nuclear power (percent 

nuclear) is an important factor explaining differences in productive output 

and cost efficiency. Because diffused ownership could be associated with 

lower levels of nuclear investment, the effect on cost efficiency found here 

may be due to the fact that the relationship with percent nuclear is not 

being taken into account in these equations. However, the relationship 

between percent ownership and percent nuclear is not very strong (.10). On 

the other hand, the introduction of other controls could enhance the effects 

of these ownership variables. Percent ownership, for example, may be more 

important in a relative than in an absolute sense. If the utility owns a high 

proportion of several nuclear power plants, any particular plant may be less 

important. Thus, the effect of percent ownership for the particular plant is 

investigated controlling for the average percent ownership for all other 

nuclear plants. The relationship between the percent ownership of the 

particular plant and average ownership of all other nuclear plants in .08. 

These factors are simultaneously regressed on the performance measures 

and the results are displayed in Table 6.3. The controls do not alter the 

findings for compliance, but controlling for percent nuclear does eliminate 

the effects of both percent ownership and ownership diffusion on cost 
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TABLE 6-3. Diffused Ownership: Controlling for Potentially Confounding 
Factors. 

Incident-Free 
Operations 

Compliance 

Cost 
Efficiency 

Cost 
Efficiency 

Intercept 

24.28 
(2.22) 

Intercept 

26.15 
(1.35) 

Intercept 

33.46 
(4.43) 

57.46 
(2.02) 

Intercept 

41.25 
(1.82) 

Percent 
Ownership 
(This Unit) 

.04·· 
(,02) 

Ownership 
Diffusion 

-.54·· 
(.28) 

Percent 
Ownership 
(This Unit) 

.06 
(.04) 

Ownership 
Diffusion 

-.37 
(.33) 

Average 
Percent 

Ownership 
(Other Nuclear 

Units) 

.05 
(.04) 

Average 
Percent 

Ownership 
(Other Nuclear 

Units) 

.03 
(.06) 

-.33 
(.51) 

Percent 
Nuclear 

.01 
(,03) 

Percent 
Nuclear 

.01 
(.03) 

Percent 
Nuclear 

.05· 
(,03) 

.00 

Percent 
Nuclear 

.04 
(,03) 

.05 

.05 

R2 

.04 
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efficiency. Therefore, as initially hypothesized, mUltiple principal problems 

seem to have stronger negative consequences for compliance with safety 

regulations than for economic performance. 

6.3.3 The Specialized Nuclear Operating Company 

It has been established that ownership diffusion presents a problem 

for compliance. This section investigates whether a specialized nuclear 

operating company provides a solution to this problem. Ownership 

diffusion, the existence of an operating company, and the interaction of the 

two terms are regressed on each of the performance measures in Table 6.4. 

Besides enhancing compliance, a specialized operating company may have a 

positive impact on other performance outcomes as well. A specialized 

operating company has more operational autonomy and may be better 

suited to effectively managing the technological system than a traditional 

plant which is highly tied to utility management. 

The results indicate that an operating company does help to overcome 

lowered compliance stemming from ownership diffusion. The significant 

interaction term signifies that the effect of a specialized company on 

compliance is much greater when ownership is highly diffused. These two 

factors, diffused ownership and the existence of a specialized operating 

company, in combination explain a substantial amount of the variation 

across reactor units (12%). This is exactly as expected since without 

diffused ownership, there is less need for a specialized operating company. 
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TABLE 6-4. Diffused OwnershiC and the Specialized Nuclear Operating 
ompany. 

(Ownership 
Diffusion) 

* 
Ownership Operating (Operating 

Intercept Diffusion Company Company) R2 

Incident-Free 32.11 -.27 -.30 .02 
OperatioIlS (.83) (.21) (1.97) 

32.28 -.33* ·5.96 1.27 .03 
(.83) (.22) (4.75) (.97) 

Compliance 27.12 -.71*** 6.42*· .10 
(1.69) (.28) (2.60) 

27.38 -.80*** ·2.24 1.94* .12 
(1.10) (.28) (6.24) (1.27) 

Productive 57.13 -.58 11.17·· .06 
(2.03) (.52) (4.82) 

57.14 ·.59 10.71 .10 .06 
(2.06) (.53) (11.73) <2.40) 

Cost 43.21 -.41 -1.66 .03 
Efficiency (1.20) (.31) <2.80) 

43.57 -.52 ·9.96 1.87 .05 
(1.21) (.32) (6.68) (1.37) 
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There is one other effect of having a specialized nuclear operating 

company. Reactors run by operating companies achieve higher levels of 

productive output. Moreover, the effect on productive output is not 

contingent on overcoming problems of diffused ownership. This f'mding 

supports the contention that specialized operating companies may be 

operationally more effective than the traditional plant-utility arrangements. 

Arguments for why the traditional plant-utility relationship may not be 

particularly effective revolve around three factors: (1) utilities often operate 

many of different types of technologies and typically non-nuclear 

technologies predominate; (2) utility management, who usually do not have 

nuclear experience, are too directly involved in determining plant affairs; 

and (3) plants that are directly embedded in the larger utility are not as 

able to adapt themselves to the requirements of their complex technological 

systems. A specialized operating company often operates several similar 

agents and, therefore, as consequence of functional specialization, has 

greater potential for learning and economies of scale. It also can manage 

the plant with greater autonomy. It is also not under as much pressure to 

structure the plant along the lines of the larger utility. Thus, it may be 

more free to organize the plant in a way that best corresponds to the 

technological requirements of the system. 

Although the effect on productive output is intriguing, it should be 

kept in mind that only one significant effect exists to suggest that the 

operating company is more effective in managing nuclear plants. There are 

no significant effects on cost efficiency or incident-free operations. In fact, 
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the relationships, although weak and nonsignificant, are in the opposite 

direction. It only has a compliance advantage over the alternatives when 

these alternatives have ownership diffusion problems. 

6.3.4 The Holding Company 

Many different types of holding companies exist in this industry. It is 

therefore not clear what the effect of a holding company versus of a non

holding company situation would be in the abstract; particular 

characteristics of a holding company are, however, expected to have possible 

implications for nuclear power plant outcomes. For example, a holding 

company that concentrates plant ownership could function to overcome the 

multiple-principals problems in a manner similar to that evidenced by 

specialized operating companies. Also, the extent to which a holding 

company increases the number of nuclear power reactors and/or the 

investment in nuclear power may affect nuclear power plant outcomes, 

especially cost efficiency and productive output performance. Positive 

effects due to economies of scale and learning advantages resulting from 

shared nuclear experience and expertise could be expected. On the other 

hand, the larger organizational unit may become too large and functionally 

diverse. If a holding company promotes functional autonomy among its 

subunits this may no longer present a problem (i.e., a M-Form solution). 

State regulatory commissions have expressed concern that diversification, 

moving into areas that are unrelated to electrical production, may however 
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encourage management to divert attention and resources from utility 

subsidiaries to more profitable areas (Hawes, 1987: chapter 6). If this were 

to occur there may be a negative impact on utility performance. This 

should be a particularly big problem for nuclear power plant safety. 

Although state regulators have been wary of holding company formations 

and diversification in particular, the NRC has expressed little concern over 

the possible implications of these trends for nuclear operations. 

These issues suggest that we look at the effects of various aspects of 

particular types of holding company arrangements. Indeed, Table 6.5 shows 

that merely introducing a dummy variable for the presence or absence of a 

holding company has only one weak association with the performance 

outcome measures; there exists a slight negative relationship with cost 

efficiency. Moreover, while in most instances it is difficult to see how 

performance outcomes would be causing variations in the larger 

organizational structure, in this instance the causality is not clear. Because 

utilities that are worse off Imancially may be more likely to form holding 

companies and because utilities with poorly performing nuclear power 

plants may be the more lmancially strapped, poor nuclear power plant 

performance may be one possible factor contributing to the formation of 

holding companies. 

Table 6.6 shows that when the issue of concentration of nuclear 

power plant ownership through holding company formation is taken into 

account, compliance is improved. Similar to the results found for an 

operating company. the combination of diffused ownership at the utility 
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TABLE 6-5. The Holding Company. 

Intercept Holding Company &2 

Incident-Free 31.73 ·1.06 .01 
Operations (.76) (1.14) 

Compliance 25.80 ·.30 .00 
(1.04) (1.57) 

Productive 56.45 .18 .00 
Output (1.87) <2.84) 

Cost 43.35 ·2.90· .03 
Efficiency (1.13) (1.65) 
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TABLE 6-6. Holding Company Concentration of Nuclear Plant Ownership. 

Holding 
Ownership Company Diffusion & 

Intercept Diffusion Concentration Concentration R2 

Incident· 32.01 ·.23 -1.70 .02 
Free (,81) (.21) (2.45) 
Operations 

31.97 -.21 4.68 -1.39 .02 
(.82) (.21) (9.32) (1.96) 

Compliance 27.00 -.66** 9.86*** .12 
(1.06) (.28) (3.19) 

27.06 -.69*** .52 2.04- .12 
(1.06) (.27) (12.12) (2.55) 

Productive 57.29 -.43 8.26 .02 
Output (2.02) (.51) (6.08) 

57.05 -.35 44.16* -7.85 .05 
(2.01) (.51) (22.89) (4.83) 

Cost 43.24- -.47 1.07 .02 
Efficiency (1.18) (.31) (3.48) 

43.20 -.45 6.43 -1.17 .03 
(1.19) (.31) (13.17) (2.78) 
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level and concentration of ownership at the holding company level accounts 

for 12% of the variation in compliance across nuclear reactor sites. Unlike 

the case of an operating company, however, the effect is not contingent on 

the level of ownership diffusion among utility owners. The degree of 

concentration of ownership at each level has independent effects on the level 

of compliance. Holding companies that concentrate ownership also have a 

positive effect on productive output. but only if ownership diffusion is not 

too high (this is suggested by the facts that the main effect is only 

significant when the interaction term is included and that the sign of the 

interaction term is opposite that of the main effect). 

This latter finding may suggest that other holding company 

characteristics may have some positive consequences for nuclear power 

plant economic outcomes. The characteristic that might be most relevant to 

nuclear power plant performance is the extent to which a holding company 

concentrates nuclear power assets of several utilities and, therefore, to 

degree to which it is invested in nuclear power. If a holding company 

increases the level of investment in nuclear power, the effect on nuclear 

performance should be positive. Table 6.7 looks at the effect of the level of 

holding company investment in nuclear power and the degree to which 

nuclear production at the holding company level exceeds that of the utility 

licensee. Two somewhat similar sets of measures are used: (1) the total 

megawatts of nuclear electrical production (MWe) at the holding company 

level and the extent to which nuclear MWe at the holding company level 

exceeds the amount of nuclear MW e contributed by the particular utility 
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TABLE 6-7. Holding Company's Level of Nuclear Investment. 

Difference Between 
H.C. H.C. and Utility 

Intercept NuclearMWe NuclearMWe &2 

Incident·Free 31.73 -4.54 E-04 .01 
Operations (.70) (4.06) E-04 

31.75 -5.47 E-04 3.57 E-04 .01 
(.71) (5.02) E-04 (1.12) E-03 

Compliance 26.30 -6.19 E-04 .01 
(.96) -(5.58) E-04 

26.15 -5.58 E-05 -2.16 E-03 .03 
(.96) (6.83) E-04 (1.53) E-03 

Productive 55.41 1.09 E-03 .01 
Output (1.74) (1.01) E-03 

55.70 2.28 E-05 4.10 E-03 .01 
(1.74) (1.24) E-03 (2.76) E-03 

Cost Efficiency 42.71 ·6.55 E-04 .01 
(1.05) (5.96) E-04 
42.77 -8.22 E-04 6.61 E-04 .01 
(1.07) (7.26) E-04 (1.62) E-036 

Difference 
H.C. Between H.C. 

Percent and Utility 
Intercept Nuclear Percent Nuclear &2 

Incident-Free 31.68 -.04 .01 
Operations (.69) (.04) 

31.69 -.03 -6.32 E-03 .01 
(.70) (.04) (.03) 

Compliance 26.84 7.48 E-03 .01 
(.91) (.04) 

26.77 .06 -.11-- .06 
(.90) (.05) (.04) 

Productive 55.26 .11 .02 
Output (1.71) (.09) 

55.27 .12 -6.41 E-03 .02 
(1.73) (.10) (.09) 

Cost Efficiency 42.89 -.07 .02 
(1.03) (.05) 
42.77 -.11-- .06 .04 
(1.01) (.05) (.05) 
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licensee and (2) the percent of total generation due to nuclear at the holding 

company and the utility licensee levels. For the fIrst set of variables, if 

nuclear MWe at the holding company level exceeds the nuclear MWe 

contributed by the particular utility licensee, the holding company can be 

assumed to have additional nuclear assets. The rationale for the second set 

of variables is similar but the focus is more on the relative investment in 

nuclear power than on the absolute investment. 

Table 6.7 displays the results for both sets of variables. No 

signifIcant effects were found for the first set (involving the absolute 

amount of nuclear generation (MWe)). The second set (involving percent 

nuclear) reveals two significant effects; one of which simply reproduces 

earlier findings. For compliance, only the term measuring the difference 

between the percent nuclear at the holding company and utility levels is 

signifIcant. This lmding suggests that only the percent nuclear at the 

utility matters (merely replicating what was found in Tables 6.1 and 6.3). 

Thus, only one effect of relative percent investment in nuclear power at the 

holding company level is found. Greater reliance on nuclear generation at 

the holding company level is associated with slightly reduced cost efficiency 

at the plant level when percent nuclear at the utility level is controlled. 

This lmding suggests that percent nuclear at the two levels have opposite 

effects. Earlier we found that percent nuclear at the utility level increased 

nuclear power plant cost efficiency (again refer back to Tables 6.1 and 6.3). 

Once this is taken into account, a higher percent nuclear at the holding 

company level decreases cost efficiency. This lmding is difficult to interpret, 

-,.~. 
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unless it means that better economic performance is found among nuclear 

power plants owned by more diversified holding companies. This finding 

could then be consistent with arguments made by Williamson (1984) 

suggesting that diversified, conglomerates (the multi-divisional or M-form) 

contributes to production efficiencies among the subunits. Several holding 

companies appear to approximate a M-form. This explanation can be 

explored more directly by comparing large, diversified holding companies to 

more traditional plant-utility structural arrangements. 

In Table 6.8 traditional utility-plant structures are contrasted to 

other structural arrangements. A traditional arrangement is dermed as an 

independent utility or an incorporated utility (in which the formation of a 

holding company did not combine several utilities or involve adding other 

non-electrical subsidiaries). A diversified holding company is dermed as: (1) 

being in the upper half in terms of the total number of subsidiaries ~8); (2) 

being in the upper half in terms of the ratio of non-electrical to total 

subsidiaries; and (3) being in the upper half in terms of the percent of 

revenue coming form non-electrical sources. All other arrangements were 

categorized as other types of holding companies (somewhere in-between 

merely an incorporated utility and a diversified holding company). 

Diversified holding companies do not lead to greater cost efficiencies than 

traditional utility-plant arrangements. However, they are as cost efficient; 

the negative effect of a holding company on cost efficiency found in Table 

6.5 only applies to non-diversified holding companies. The lesser cost 

efficiency of non-diversified holding companies accounts for 9% of the 
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TABLE 6-8. Other Types of Structural Arrangements Contrasted to the 
Traditional Utility-Plant Relation. 

Diversified Functicmally-
Holding Related Holding 

Intercept Company Company R2 

Incident-Free 32.34 -1.59 -1.04 .01 
Operations (1.01) <2.26) (1.36) 

Compliance 27.61 -6.18·· -.84 .06 
(1.14) <2.56) (1.53) 

Productive 57.90 2.03 -1.98 .01 
Output <2.(0) (5.38) (3.23) 

Cost 44.42 1.31 -4.39·· .09 
Efficiency (1.35) (3.05) (1.79) 
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variation across nuclear sites. The only other effect once again involves 

compliance. Diversified holding companies tend to decrease the level of 

compliance. Perhaps, as suggested in Chapter 3, the ability of the NRC to 

exact compliance from the utility licensees is lessened when the licensee is 

not an autonomous actor and is dependent on a large diversified holding 

company for revenues and rewards. The larger and more diversified the 

holding company, the less the utility will be able to influence the holding 

company and the more it is potentially affected by it. 

6.3.5 The Relationships Between Performance Measures Within 

Traditional and Non-Traditional Structural Arrangements 

The effects of variations in the larger organizational structure on 

nuclear power plant performance have largely been isolated to 

COMPLIANCE. Non-traditional arrangements tend to decrease compliance 

levels. I have argued that this effect is due to problems with multiple 

principals and multiple agents in non-traditional organizational 

structures.Some factors can offset this problem to some extent, such as a 

specialized operating company or a holding company that concentrates 

ownership. The only other effect of non-traditional arrangements is that 

cost efficiency is decreased, at least for non-diversified holding companies 

(and these are by far the majority). The question that arises at this point is 

whether the relationship between compliance and the other performance 

outcomes substantially differs across traditional and non-traditional 
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organizational arrangements. For example, since non-traditional 

arrangements have an effect on compliance but not on incident-free 

operations, the relationship between these two may not be as strong for 

nuclear power plants characterized by non-traditional organizational 

structures. The correlations between the performance measures for nuclear 

power plants situated within traditional and non-traditional structural 

arrangements are presented in Table 6.9. The relationship between 

compliance and incident-free operations is very strong for plants situated in 

traditional structures <.5898·"); the relationship is much weaker and non

significant for plants situated in non-traditional structures (,3132), Also. 

the relationships between compliance and both productive output and cost 

efficiency are positive and significant for traditional plant situations <'4078 

and .5004 respectively); these relationships are completely eliminated in the 

non-traditional situation (-.0329 and -.0342 respectively). What these 

f'mdings seem to imply is that compliance is not necessary for safe and 

reliable performance; a well-run plant can be safe (incident-free), 

productive, and cost efficient with or without being compliant. Perhaps 

managers of plants having a traditional organizational structure are subject 

to greater pressure to comply to NRC regulations than are managers of 

plants characterized by non-traditional organizational structures. 

Therefore, effective managers in the first situation will tend to achieve all of 

these performance objectives, while effective managers in the latter 

situation may not be as concerned with complying with NRC regulations. 

In other words, the NRC may be better able to exact compliance from 
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TABLE 6-9. Correlations Between Performance Outcomes within Traditional and 
Non-Traditional Structural Axrangements. 

TRADITIONAL UTILITY-PLANT STRUCTURAL ARRANGEMENT 

Incident-Free Productive Cost 
Operations Compliance Output Efficiency 

Incident-Free 1.0000 .589S** .3919* .4005* 
Operations 

Compliance 1.0000 .407S- .5004* 

Productive Output 1.0000 .6948" 

Cost Efficiency 1.0000 

NON-TRADITIONAL STRUCTURAL ARRANGEMEN'IS 

Incident-Free Productive Cost 
Operations Compliance Output Efficiency 

Incident·Free 1.0000 .3132 .1194 .3912-
Operations 

Compliance 1.0000 -.0329 ·.0342 

Productive Output 1.0000 .3668* 

Cost Efficiency 1.0000 
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managers of plants in traditional organizational structures. Does this mean 

that the relationship between compliance and the other performance 

outcomes results from the ability of effective managers to perform well on 

all of these dimensions; not that compliance actually contributes to safer 

performance? These imdings suggest that this may be a valid 

interpretation. Compliance may not be necessary for safe nuclear power 

plant performance and it may be completely unrelated to good economic 

performance. On the other hand, compliance does not have any negative 

consequences, such as reducing cost efficiency. 

6.4 EFFECTS OF VARIATIONS IN THE FINANCIAL WELL-BEING 

OF UTILITIES 

The potential consequences of the financial well-being of utilities have 

received much more attention than have changes in the larger 

organizational structure of utilities. Not much research on this issue has 

been conducted, however, and the research that exists is very fairly limited 

in scope. Hendrickson et ale (1989) imd no effect of financial well-being at 

the time the construction license was granted by the NRC and subsequent 

safety performance, using a fairly extensive number of both imancial 

indicators and safety performance indicators. Their research was, however, 

purposely narrow; the objective was to determine whether the extensive 

financial reviews which were being conducted by the NRC warranted being 

continued. The effect of the utility's current imancial health on nuclear 
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power plant performance was outside the scope of their project. In addition 

to this narrow focus, the research sample was unavoidably biased. All 

utilities that were operating nuclear power plants had been fmancially 

screened and approved by the NRC; therefore, variation in utility fmancial 

health at the time a construction permit was granted was minjmal. 2 

Moreover, although a fair number of safety indicators were looked at, a 

composite measure was not constructed and appropriate controls for 

hardware and age differences were not introduced (both are done in this 

study). For these reasons, it is not surprising that no effects were found. 

Research conducted by Osborn and Jackson (1989) revealed a small 

effect of decreased annual income on one of their two measure of safety. 

Decreased income resulted in lower compliance to serious regulations but 

only for utilities with high investment in nuclear power, and only for two of 

the three years covered by their study. No effect was found on their second 

measure, the percent time spent in forced outages. There are several 

methodological problems with their research, but the primary problem is 

substantive. The measures of nuclear power plant safety employed do not 

correspond well to theoretical defInitions of safety in complex technological 

systems. Their fIrst measure corresponds to my measure of compliance, 

their second measure corresponds closely to my measure of productive 

output. 

2 The study does not state how many fmancial reviews resulted in 
construction permit denials. 
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The theoretical explanation for the effect of utility imancial well

being on nuclear power plant outcomes involves two mechanisms: resource 

constraints and risk-taking. These mechanisms are expected to have 

consequences primarily for safety and compliance outcomes. An additional 

theoretical consideration is to determine whether the effect is mediated by 

the nature of the relation between the utility and the plant. 

The measure of financial well-being used in this study is the interest 

coverage ratio (see Chapter 4 for a discussion of this measure). This 

measure was selected because it was thought to best reflect differences 

across utilities regarding the amount of revenue at their disposal (percent of 

revenue available after interest payments). 

Only one effect of our measure of fmancial well-being is found (see 

Table 6.10). A higher interest coverage ratio is associated with greater 

nuclear power plant cost efficiency. This imding is not interpretable using 

the theories discussed in this dissertation. The absence of effects on 

compliance and safety, however, suggest that the resource constraint and 

risk-taking predictions are not supported. 

It is possible that organizational characteristics mediate the effect of 

imancial well-being and that once these factors are taken into account the 

predicted effects will emerge. Two measures, percent ownership by the 

utility licensee and whether the plant-utility relationship is traditional or 

not, were considered to have the greatest potential relevance. The fmancial 

well-being of the licensee should be more important if it has more exclusive 

responsibility for the plant. Controlling the type of the plant-utility 
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Table 6.10 Utility Financial Well-Being 

Interest 
Intercept Coverage 

R2 Ratio 

INCIDENT-FREE 31. 75 -.02 .00 
OPERATIONS (2.13) ( .17) 

COMPLIANCE 24.28 .20 .01 
(2.47) ( .20) 

PRODUCTIVE 56.38 .06 .00 
OUTPUT (5.07) (.40) 

COST 36.53 .48** .05 
EFFICIENCY (2.80) (.22) 
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relationship involves a similar rationale. In the traditional situation, the 

utility has fairly exclusive responsibility for plant operations and is not 

embedded in a larger organization whose revenues would differ greatly from 

that of the utility licensee itself. Interaction effects are of particular 

interest in determining whether organizational factors influence the 

relationship between fmancial well-being and nuclear power plant 

performance outcomes. 

Table 6.11 reveals one new significant effect suggesting that the 

financial situation does affect safety performance once the percent 

ownership is taken into account. The interaction term indicates that the 

financial situation only has significant effects on safety when percent 

ownership is fairly great. This relationship is consistent with our initial 

expectations. However, at this point in the analysis, it is surprising to find 

any effects on safety (incident-free operations). Explaining variation in 

safety has been extremely difficult. Although this imding needs to be 

replicated and investigated further before a great deal can be made of it, it 

suggests that financial well-being may be important for nuclear power plant 

safety under particular conditions. It also indicates that the nature of the 

relation between the plant and the utility needs to be taken into account 

when investigating these effects. 



Table 6.11 

INCIDENT-FREE 
OPERATIONS 

COMPLIANCE 

PRODUCTIVE 
OUTPUT 

COST 
EFFICIENCY 

INCIDENT-FREE 
OPERATIONS 

COMPLIANCE 

PRODUCTIVE 
OUTPUT 

COST 
EFFICIENCY 
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The Re1atLonship Between the UtL1Lty and the Plant and The 
Effect of UtLILty FLnancial Well-BeLng 

Interest (Ratio) 
R2 Intercept Coverage Percent * 

RatLo Ownership (OwnershLp) 

29.48 -.03 .03 .02 
(2.86) ( • 17l** (.031,** 

-.02*** 12.31 1.3S .25 .10 
(6.50) (.08) (.08) (6.19)E-3 

26.51 .20 .05** .03 
(2.47) (.20) (.03) 
16.79 1.00 .10 -.01 .03 
(7.81) ( .61) (.10) (7.43)E-03 

53.74 .05 .03 .00 
(6.85) (.40) ( .06) 
40.33 1.15 .21 -.01 .01 
(16.21) (1.27) ( .20) (.02) 

31.21 .45** .07** .10 
(3.72) (.22l* (.03l* 

-.01* lS.05 1.53 .24 .13 
(B.66) (.6S) ( .11) (B.24)E-03 

Interest (RatLO) 
R2 Intercept Coverage Tr~l(ii. tLonal * 

RatLo (TradLtLonall 

31.18 -6.0SE-03 1.13 .01 
(2.24) (.17) (1.31) 
31.39 -.02 .53 .05 .01 
(2.72) (.21) (4.47) ( .36) 

23.35 .21 1.84* .03 
(2.58) (.20) (1.01) 
22.71 .26 3.64 -.15 .03 
(3.12) (.24) (3.14) ( .41) 

55.70 .07 1.35 .00 
(5.33) ( .41) (3.12) 
59.2B -.22 -8.72 .85 .01 
(6.44) (.50) (10.60) ( .85) 

34.74 .51** 3.73** .11 
(2.86) (.22) (1.39) 
37.20 .31 -3.25 .59 .12 
(3.43) (.27 ) (5.68) ( .46) 
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6.6 SUMMARY 

This chapter identified key differences in. the nature of the principal

agent relation between the utility and the plant and characteristics of the 

larger organizational structure that are responsible for changes in the 

nature of the utility-plant relationship. The traditional agency relationship 

between utilities and plants is being rapidly transformed. A traditional 

relation is defined as an independent utility (or an incorporated utility) 

owning and operating one or more nuclear power plants. Only 40% of 

plants currently fall into what I have termed the "traditional" utility-plant 

relation. The primary organizational changes responsible for altering the 

nature of this relationship are the diffusion of plant ownership among 

multiple utilities and the increase in size and diversification of the larger 

organizational structure of the plant. I argued that these changes have led 

to problems due to multiple principals and multiple agents. It was also 

argued that particular types of non-traditional organizational adaptations 

can provide solutions to these agency problems, i.e., the use of specialized 

nuclear operating companies and holding companies that result in greater 

concentration of plant ownership. In addition, holding companies that 

assume the character of a multi-divisional form can also help overcome 

problems of diverse multiple agents, but the consequences for nuclear power 

plant outcomes (especially safety) are not theoretically obvious. Arguments 

for both positive and negative effects are feasible. For example, if the M

Form is more financially viable than the traditional utility form and serves 
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to increase plant autonomy, safety could be positively affected. On the 

other hand, a M-Form holding company can divert management attention 

and resources to the more profitable se.:tors and encourage a lack of 

commitment to nuclear power plants that are not functioning well. 

The analyses conducted in this chapter indicated that the form of the 

utility-plant relationship was primarily important for one of the 

performance outcomes, COMPLIANCE with NRC regulations. Not only 

does the traditional utility-plant relation result in higher levels of 

compliance. but compliance has a stronger positive relationship to safety in 

traditional plants (as well as to economic outcomes>. Within the traditional 

utility-plant relation, the relative investment of the utility in nuclear 

generation as compared to other types of electrical generation affects 

economic performance (both productive output and cost efficiency); but not 

safety or compliance. 

A key characteristic differentiating traditional and non-traditional 

structural arrangements is the diffusion of plant ownership among several 

utility owners. Diffusion of ownership in non-traditional structures is one of 

the primary factors accounting for lower compliance with NRC safety 

regulations. However. lowered compliance can be overcome through certain 

types of non-traditional organizational arrangements. such as the use of a 

specialized nuclear operating company or the concentration of plant 

ownership through the formation of a holding company. 

The effect of holding companies is not this simple, however. There 

are many forms of holding companies in this industry and not all holding 
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companies serve to concentrate nuclear power plant ownership. In fact, in 

several instances, concentration of nuclear power plant ownership may have 

been an unintended result of the holding company.3 

The only other notable effect that can be attributed to holding 

companies is that diversified eM-Form type) holding companies substantially 

decrease compliance with NRC safety regulations (diversified holding 

companies do not, however, effect safety, although the direction of the 

relationship is negative). There is, thus, some reason for concern with 

diversification activities (particularly NRC concern). No positive impact on 

the economic performance of nuclear power plants with M-Form structures 

was found; thus, the argument that nuclear power plants may be more 

autonomous and better managed under this type of organizational structure 

is not supported. 

Although non-traditional arrangements seem to affect compliance 

with NRC safety regulations, the implication of this for safety is not clear. 

3 The formation of a holding company is often motivated by fmancial 
problems. This explanation for holding company formation is consistent with the 
fmding that holding companies tend to be associated with poor nuclear power 
plant cost efficiency. Nuclem- power plants frequently contribute to imancial 
problems on the part of the utility. Competition in this industry has increased in 
the last decade, and nuclear power (due to its relative cost efficiency over other 
forms of electrical production) may be an important competitive advantage. 
However, if the utility's nuclear power plants are not performing up to standard, 
the debt accrued in constructing these plants combined with their poor operating 
performance may seriously erode the fmancial well-being of the utility owner(s). 
The negative relationship between the existence of a holding company and nucle81" 
power plant cost efficiency is significant but it is not very strong (controlling for 
the difference in cost efficiency between nuclear power plants that have come 
under holding companies and those the have not only reduces the total variance 
by 3%). The relationship between holding companies and nuclear power plant cost 
efficiency is therefore not interpreted as a causal effect of the holding company 
(since the causality probably runs in the other direction). 



It is not apparent that compliance has any causal relationship to safe 

(incident-free) operations. The imdings of this chapter suggest that 

compliance and incident-free operations are by and large distinct 

performance outcomes. The positive relationship between these two 

measures found in Chapter 5 may be attributed to the fact that in 

traditional utility-plant arrangements, effective management tends to 

perform well on both dmensions. Well-run plants in less traditional 

structural arrangements, such as diversified holding companies, may not 

emphasize compliance with NRC regulation as strongly. 
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The nature of the utility-plant relation appears to be important in 

determining how effective the NRC will be in exacting compliance, but it 

does not appear to affect other nuclear power plant outcomes. The results 

suggest that plant-level characteristics may be more important 

determinants of nuclear power plant performance than is the nature of the 

utility-plant relationship. Of course, this is not surprising. It was expected 

that the utility-plant relation would strongly affect determine plant-level 

characteristics, but this does not appear to be the case. Future research 

should more directly investigate the extent to which the utility-plant 

relationship affects the structural organization of the plant. 

The other reason for looking at variations in the plant-utility relation 

was to determine whether the nature of the relation mediated effects of the 

financial well-being of the utility and/or the effects of regulation. While the 

results of the analyses discussed above suggest that the utility-plant 

relation may not be important in determining plant-level characteristics, it 
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is an important factor in determining the effects of NRC regulation. 

Changes in the utility-plant relationship have undermined the ability of the 

NRC to exact compliance. The utility-plant relationship also mediates the 

effect of utility imancial well-being. The effect of financial well-being on 

safety only emerged after taking the relation between the utility and the 

plant into account. If the plant is predominantly owned by a utility with 

poor financial health. safety performance appears to be jeopardized. Plants 

that have several owners are not as vulnerable to the imancial well-being of 

the utility licensee. Although this finding seems obvious, previous 

discussions and analyses of the impact of utility imancial well-being have 

completely ignored the nature of the utility-plant relation:' 

This last imding is particularly important. It not only suggests that 

the utility-plant relationship is theoretically important, but up until this 

point no effects on safety had been discovered. The imding suggests that 

there may be a need to insulate plant operations from the imancial troubles 

experienced by the utility owner(s). Splitting off nuclear generation by 

forming or hiring specialized operating companies may provide a solution to 

this problem. Specialized nuclear operating companies also concentrate 

ownership which allows the NRC to more effectively influence nuclear 

power plant operations and may be able to more effectively manage nuclear 

operations. 

4 I did not investigate the effect of the weighted financial well-being of the set 
of utility owners, but this may be a logical next step. 
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7.0 CONCLUSION 

Nuclear power has had a disappointing history. Just a few years ago 

most observers of this industry predicted that nuclear power was quickly 

coming to an end. This prediction no longer appears to be valid. Although 

this era of nuclear power is clearly on the decline, its demise now promises 

to be much more protracted than expected. Not only are the majority of 

nuclear power plants less than a 1/4 of the way through their 40 year 

operating lives, but "life extension" may result in many of the older reactors 

being kept on-line for an additional 20 years. Thus the safety of currently 

existing nuclear power plants will be an increasingly important issue for 

many decades to come. In addition it is highly likely that we will soon 

embark on a new era of nuclear power. The lack of initiatives to develop 

cheap, environmentally acceptable alternatives means that many parts of 

the world will need to rely on nuclear power for the foreseeable future. For 

these reasons, understanding the determinants of nuclear power plant 

safety is not only of interest to organizational sociologists, but of practical 

importance as well. In this case, as in many others, sociologists have much 

to contribute to the formulation of public policy. Sociologists cannot afford 

to leave issues of this importance to engineers and economists. 

Analyses of the history of nuclear power clearly demonstrate that 

ignoring the role of organizational and institutional factors was one of the 

major reasons for the failure of the current era of nuclear power. One of 
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the most important lessons to be learned from this history is that safety is 

not merely a technological issue. Most experts believe that our experience 

with nuclear power could have been very different had the organizational 

and institutional processes been better understood and socially managed. 

Although one might expect that the lessons learned from the past ought to 

inform the present and future phases of nuclear power, these lessons are 

not being heeded. 

7.1 SUMMARY OF THE OBJECTIVE AND APPROACH 

The objective of this dissertation was to understand and analyze 

nuclear power plant safety as an organizational, not just a technological, 

outcome. This objective was motivated by the desire contribute to: (1) 

ensuring the current and future safety of existing nuclear power plants; and 

(2) designing more effective organizational and institutional arrangements 

for the new era of nuclear power. 

An organizational understanding of nuclear power plant safety 

requires that: (1) the relationships between safety and other organizational 

outcomes be better understood; and (2) the effects of the organizational and 

institutional context on these outcomes and their inter-relations be taken 

into account. One of the main points of this dissertation was that safety, as 

an organizational outcome, cannot be studied in isolation from other 

important organizational outcomes, particularly economic outcomes. 

Determining the relationships between important organizational outcomes 
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is an important flst step in understanding organizational dynamics and the 

nature of the relations between organizational actors. Therefore, before 

looking at the effects of variation in the organizational and institutional 

contexts of plants, an examination of the relationships between performance 

outcomes was conducted. The analyses then turned to investigating the 

effects of variations in the organizational and institutional contexts of 

nuclear power plants. Although the organizational and institutional context 

of nuclear power plants has been changing significantly, little attention has 

been paid to the potential consequences of these changes for nuclear power 

plant performance. A theoretical model based on principal-agent theory was 

employed to discuss the economic and safety performance of nuclear power 

plants. The theoretical logic motivating each set of analyses, the research 

questions, the fmdings, and the flt between the theoretical predictions and 

the results are described in the next two sections. 

7.2 SUMMARY OF THE FIRST SET OF ANALYSES: 

THE RELATIONSIDPS BETWEEN THE PERFORMANCE 

OUTCOMES 

The relationship between safety and economic outcomes has been 

frequently debated. Industry representatives, for obvious self-serving 

reasons, are prone to argue that safety and productivity are inextricably 

linked and, thus, the industry has strong economic incentives to maximize 

safety. This argument assumes that higher safety leads to higher plant 
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reliability and that higher reliability leads to higher levels of output. The 

arguments of several economists (Wood, 1983; Stever, 1980) would suggest 

that this argument is nothing more than a myth propagated by the 

industry. Because of the nature of nuclear power plant safety, decreasing 

the level of risk has become a continuous, never-ending process. After 

introducing the most important and fundamental safety provisions, plants 

quickly reach a point at which additional expenditures on safety are no 

longer cost effective. Smaller and smaller increments of safety become 

relatively more costly (i.e., it costs more to decrease the probability of 

accidents from .2% to .1% than from 15% to 10% (Wood, 1983:9)). For this 

reason, safety and economic performance inevitably come into conflict; 

expenditures on safety run into diminishing marginal returns as the cost 

increases and the pay-off decreases. Still others have argued that not only 

are utilities insufficiently motivated to continually improve safety, but that 

economic pressures cannot help but motivate plant operators or the utilities 

that own them to increase profits by cutting safety corners. The potential 

conflict between economic and safety interests is what lead to the creation 

of the NRC in the iust place. It is also the primary reason for the NRC's 

recent concern with changes in state regulatory practices which are putting 

utilities under greater economic pressure. Increased competition and 

imancial setbacks experienced in this industry are also increasing economic 

pressures. 

The extent to which the NRC has been effective in enhancing nuclear 

power plant safety has also been debated (Wlldavsky, 1983; NUREG/CR-
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1318). Industry representatives often argue that although safety is in their 

economic interests, compliance with NRC regulations is not. They suggest 

that they are in a much better position than the NRC to understand and 

improve the safety performance of their plants. Criticisms of the NRC 

range from asserting that regulation has been cost inefficient to accusations 

that NRC regulation has been wholly ineffective in promoting safety and is 

at best unnecessary, at worse a hindrance. Reasons for NRC ineffectiveness 

include the fact that it does not directly operate nuclear power plants, it has 

too few staff persons to properly collect and assess information, and many of 

its inspectors are inexperienced. On the other hand, others have noted that 

the industry has initiated very little safety research, and that most safety 

improvements in this industry have been the result of NRC efforts. 

These debates suggested the following research questions: 

(1) Does maintaining safety in nuclear power plants increase 
productive output and/or decrease cost efficiency? 

(2) Is NRC safety regulation effective in enhancing safeCincident
free) nuclear power plant performance? 

(3) Is compliance with NRC regulations a cost efficient means of 
achieving safety? 

The answers to these research questions should help clarify the 

organizational determinants of nuclear power plant safety and the 

relationship between two key organizational actors, utility licensees and the 

NRC. 

These research questions were empirically addressed by investigating 

the relationships between four nuclear power plant performance outcomes: 

INCIDENT-FREE OPERATIONS, COMPLIANCE, PRODUCTIVE 
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OUTPUT, and COST EFFICIENCY. These performance outcomes were 

dermed and operationalized in Chapter 4. The rlISt of these outcome 

measures, INCIDENT-FREE OPERATIONS, was taken to be the most valid 

measure of safety in complex technological systems. The second measure, 

COMPLIANCE, refers to compliance with NRC safety regulations. Its 

relation to safety is not assumed (as it has been in several previous studies 

of nuclear power plant safety); instead it is one of the primary foci of the 

empirical analyses. Productive output is a measure of the extent to which 

the nuclear unit achieves its maximum dependable capacity. Cost efficiency 

refers to the average unit cost of electricity produced. 

The results of these analyses refute the self-serving arguments made 

by the nuclear industry regarding the relationship between safety and 

productive output. Incident-free operations were not found to be related to 

increased productive output. However, incident-free operations are found to 

be positively related to cost efficiency. This finding does not support the 

alternative argument which asserted that greater increments of safety 

become increasingly cost inefficient. There are always cost efficient means of 

enhancing safety. This assumption of decreasing marginal returns may be 

too technologically based; while major technological improvements may 

experience decreased marginal returns, this is not necessarily the case for 

better organizational processes. training programs, quality controls. etc. 

The finding strongly suggests that well-run plants that prevent operational 

problems from occurring are more cost efficient than those that merely 

reacted to problems as they occur. 
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The results also challenge the criticism that NRC regulation has been 

ineffective in promoting safer nuclear operations. Compliance with NRC 

safety regulations is found to be positively related to safe (incident-free) 

operations. 

Finally, the assertion that NRC regulation not a cost efficient means 

of achieving safety is refuted. Contrary to the complaints by the industry 

and the arguments made by some industry observers, compliance with NRC 

regulations was found to be positively related to cost efficiency, although the 

relationship was curvilinear such that the relationship began to erode at the 

highest levels of compliance. This does not, however, reflect a negative 

relationship; it only suggests that the positive relationship levels off at some 

point. 

7.3 EFFECTS OF THE LARGER ORGANIZATIONAL AND 

INSTITUTIONAL CONTEXT 

The primary focus of the second set of analyses was to investigate the 

effects of changes in the larger organizational and institutional context of 

nuclear power plants on their performance outcomes and the inter-relations 

between these outcomes. Of particular interest were changes in: (1) the 

distribution of plant ownership; (2) increases in the size and diversity of the 

larger organizational fIrm; (3) rather drastic declines over the past several 

decades in the financial well-being of utilities; and (4) changes in state 



regulation having to do with the implementation of nuclear economic 

incentive programs. 
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The traditional utility-plant relationship has been affected by 

diffusion of plant ownership and increases in the size and diversity of the 

larger organizational f'mn. Together these factors have created substantial 

variation across plants in the extent and type of principal-agent problems 

and the level of investment and commitment to nuclear power. The simple 

situation of a single independent utility owning and operating one or more 

nuclear power plants has been steadily transformed; only 40% of all cases 

were found to still fit this pattern. 

The agency relation between the utility and the plant was argued to 

be theoretically central because the effects of the f'mancial well-being of the 

utility, changes in state regulation, and the effectiveness of the NRC may 

all depend on the nature of this relationship. For this reason, principal

agent theory provided a means of systematically looking at many of the 

changes occurring in this industry in terms of their consequences plant 

performance outcomes. 

Changes in ownership patterns and structural arrangements have 

resulted in two types of problems in the utility-plant agency relation. The 

lust is due to the utility owning and operating multiple plants (including 

non-nuclear plants). The basic argument is that as the number of diverse 

agents a principal must control increases, control becomes more difficult 

(due to increased information overload and resource limitations). This was 

termed the "multiple-agents problem." A second recent change in ownership 
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involves several utilities owning portions of a single plant. In this situation, 

one utility (the licensee) is delegated to control the plant, and pays the costs 

of dealing with government regulatory agencies. However, all utility owners 

share in the benefits of the nuclear power produced. This situation creates 

a distorted incentive structure and collective action problems for the 

principals, and may leave the licensee without adequate resources to control 

the plant. This was referred to as the "multiple-principals problem." 

In addition to the extent to which changes in the larger 

organizational structure have contributed to changes in the traditional 

utility-plant relationship, the extent to which non-traditional organizational 

adjustments can function to overcome multiple-principal and multiple-agent 

problems were discussed. Forming or hiring a specialized operating 

company can potentially reduce both types of problems by creating a 

functionally focused "sub-principal." A specialized nuclear operating 

company can be particularly advantageous when (1) ownership is diffused 

among several utilities (2) the number and diversity of the subunits the 

utility needs to operate and control becomes too great and/or (3) nuclear 

plants tend to be a small part of their operations (one-of-a-kind plants). 

Specialized nuclear operating companies may overcome problems of 

ownership diffusion and may be more operationally effective than 

traditional plant-utility arrangements due to a reduction in multiple-agent 

related problems. Also by operating several similar agents rather than 

multiple diverse agents, a nuclear operating company is more likely to 

experience learning advantages and economies of scale. It also can manage 
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the plant with greater autonomy and is not under as much pressure to 

structure itself along the lines the larger utility. Thus, it may be more free 

to organize the plant in a way that best corresponds to the technological 

requirements of the system. 

Various aspects of holding companies can also potentially resolve 

principal-agent problems. For example, a holding company that 

concentrates plant ownership could function as a "supra-principal" to 

overcome problems of multiple principals in a fashion similar to that of 

specialized operating company (or "sub-principal"). Further, the extent to 

which a holding company increases the number of nuclear power reactors 

and/or the investment in nuclear power may affect nuclear power plant 

outcomes as a result of economies of scale and learning advantages. On the 

other hand, multiple-agent problems may arise to offset this potential 

advantage. A diversified M-Form structure could possibly resolve multiple

agent problems by encouraging functional autonomy among the subunits 

but the effects of holding company diversification on nuclear power plant 

performance are not theoretically apparent. While a diversified holding 

company may lead to greater subunit efficiencies as a result of internal 

competition for resources, it could just as easily result in the diversion of 

management attention and resources from these subunits to more promising 

areas. 

The results of this part of the analyses indicated that the form of the 

utility-plant relationship is primarily important for one for the performance 

outcomes, compliance. Not only does the traditional utility-plant relation 
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result in higher levels of compliance. but compliance has a stronger positive 

relationship to safety in traditional plants (as well as to economic 

outcomes). Within the traditional utility-plant relation, the relative 

investment of the utility in nuclear generation as compared to other types of 

electrical generation affects economic performance (both productive output 

and cost efficiency); but not safety or compliance. 

A key characteristic differentiating traditional and non-traditional 

structural arrangements is the diffusion of plant ownership among several 

utility owners. Diffusion of ownership in non-traditional structures was 

found to be a primary factor accounting for lower compliance with NRC 

safety regulations. It was also found that lowered compliance was 

significantly improved in certain types of non-traditional organizational 

arrangements. such as specialized nuclear operating companies or holding 

companies that concentrate plant ownership. 

The only other notable effect that can be attributed to holding 

companies is that diversified (M-Form type) holding companies were 

associated with substantially decreased compliance with NRC safety 

regulations (nuclear power plants within diversified holding company 

structures were not found to have significantly lower safety performance, 

although the direction of the relationship was negative). Therefore, there 

may be some reason for concern with diversification activities (particularly 

NRC concern). No positive impact on the economic performance of nuclear 

power plants with M-Form structures was found; thus, the argument that 
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nuclear power plants may be more autonomous and better managed under 

this type of organizational structure is not supported. 

Basically, non-traditional arrangements affect compliance with NRC 

safety regulation. Whether or not this non-compliance represents a safety 

concern is not clear. While the first set of analyses in Chapter 5 showed a 

positive relationship between compliance and safety, the analyses in 

Chapter 6 suggested that this relationship only held in traditional 

structural arrangements. This might suggest that compliance is not 

necessary for safe plant performance and that the association found in 

traditional situations is only due to the fact that the NRC is better able to 

exact compliance in these situations. Thus, good management in traditional 

structural arrangements is more pressured to performance well on both 

"dimensions. Whether or not compliance is causally related to safety, there 

is no evidence to suggest that it leads to cost inefficiencies. 

Chapter 6 also explored the effects of variations in the imancial well

being of the utility licensee. This can also be seen as an attribute of utility

plant relationship and as such was expected to be influenced by the nature 

of the principal-agent relationship between the two organizational units. 

Previous discussions and analyses of the impact of utility fmancial well

being have completely ignored the nature of the utility-plant relation. 

The results indicated that the utility-plant relationship did mediate 

the effect of utility imancial well-being. The effect of financial well-being on 

safety only emerged after taking the relation between the utility and the 

plant into account. If the plant is predominantly owned by a utility with 
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poor rmancial health, safety performance appears to be jeopardized. Plants 

with several owners are not, however, as vulnerable to the rmancial state of 

the utility licensee. This rmding not only demonstrates how important it is 

to take into account the nature of the utility-plant relationship when 

investigating the effects of the larger organizational and institutional 

context but it is the only significant effect on safety that the analyses in 

Chapter 6 uncovered. The rmding suggests that there does appear to be a 

need to insulate the plant from financial troubles experienced by its utility 

owner(s). Splitting off nuclear generation by through the creation of 

specialized nuclear operating companies may provide a possible solution to 

this problem as well. 

7.4 FUTURE RESEARCH 

A central theme of this dissertation was that a multi-level theoretical 

model is necessary to fully explain and to improve nuclear power plant 

safety performance. Early studies by engineers focused on the most 

proximate causal factors--those having to do with the technological core. 

After the accident at TMI, the focus broadened somewhat to incorporate an 

additionallevel--the "human factors" affecting the relationship between 

workers and the technological core. However, this view was limited since it 

only looked at individual-level actions and job performances and not at the 

organizational structure within which these tasks were embedded. The 



next important step was to begin to analyze the effects of organizational 

and institutional factors. 
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Although this dissertation has attempted to fill this gap, an 

extremely important part of a complete explanation of this complex topic 

has been omitted--the organizational structural and processes of the plant 

itself. Information on variations in plant-level organizational structures is 

currently being collected by the author and several other researchers. It 

has been extremely difficult to obtain adequate and current organizational 

charts from nuclear power plants. The quality of these data may not justify 

empirical analysis. This would be an unfortunate outcome because 

understanding the organizational determinants of nuclear power plant 

safety at the plant level could greatly contribute to the future safety of 

nuclear power. 

A thorough understanding of the plant level organizational effects 

and the larger organizational and institutional effects could go a long way to 

enhance the future safety of nuclear power. We can not assume that 

technological improvements in the "advanced" reactors will suffice to 

guarantee safety but, perhaps of even more immediate importance, is the 

fact that currently existing reactors will be with us for several decades to 

come. 
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APPENDIX A. Current Status of Nuclear Power in Western Europe. 

Austria 

Belgium 

Denmark 

Finland 

France 

Italy 

Netherlands 

Spain 

Sweden 

Switzerland 

United Kingdom 

West Germany 

National referendum in 1978 terminated nuclear 
program, abandoning a plant nearly ready for operation. 

No plants under construction or planned; 8 mid-size 
plants operating. 

Non-nuclear. Has requested Sweden to close down its 
plant 30 miles outside Copenhagen. 

4 plants operating, none planned. 

49 plants operating, 14 under construction. Slowdown 
from 6 orders per year to 1, due to overcapacity. No 
construction starts in 1986-87. 

Safety concerns and strong local opposition have led to 
abandonment of new construction. Only 3 plants 
operating. 

2 small plants in operation; plans for 2 others 
indefinitely postponed after Chernobyl; strong opposition 
movement. 

8 plants operating, 2 under construction; 5 nearing 
completion were mothballed or canceled in 1983 at a cost 
of $8 billion. Socialist government and public oppose 
heavier reliance on nuclear power. 

Public referendum in 1980 mandated a gradual phase
out of the nation's 12 operating plants. N one planned or 
under construction. 

5 mid-size plants operating, non planned or under 
construction. Public opposed to more. 

38 plants operating, 4 under construction, but only 1 
ordered in the 1980s owing in part to strong political 
opposition, including that of the Labour Party. 

21 plants operating, 4 under construction, but mounting 
political opposition and slowed demand have imposed a 
moratorium in the 1980s. 

Source: Nuclear Power Reactors in the World, lAEA·R[S.2/7 <Vienna: Int.ematiooal Atomic Energy ~nt::y, 1987). 



212 

APPENDIX B. DESCRIPTION OF SAFETY INDICATORS 

Number of Significant Events 

Description: 
Significant events are those events identified by NRC staff in 
detailed reviews of all reported operating reactor events (LERs) 
and operational data that potentially represent: (a) a 
degradation of important safety equipment; (b) an unexpected 
plant response to a transient; (c) a degradation of fuel integrity, 
primary coolant pressure boundary, or important associated 

'. structures; or (d) a scram with complications. 

Formula or Procedure: 
The original data are in quarters. A yearly mean was 
computed for each plant having valid data for at least three of 
the four quarters. 

Source: 
Database for the Performance Indicator Program compiled by 
the Inter-Office Task Group on Performance Indicators, US 
Nuclear Regulatory Commission. 

Number of Scrams 

Description: 
Total number of unplanned automatic scrams while the reactor 
was critical. Scrams can result from unplanned transients, 
equipment failures, spurious signals, or human error. Scram 
data are primarily derived from LERs and are supplemented as 
necessary from 10 CFR 50.72 reports. 

Formula or Procedure: 
The original data are in quarters. A yearly mean was 
computed for each plant having valid data for at least three of 
the four quarters. 

Source: 
Performance Indicators for Operating Commercial Nuclear 
Power Reactors, Office for Analysis and Evaluation of 
Operational Data, US Nuclear Regulatory Commission. 



Forced Outage Rate 

Description: 
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A forced outage is an outage required to be initiated no later 
than the weekend following discovery of an off-normal 
condition. Data are generally obtained from LERs. 

Formula or Procedure: 
The forced outage rate is the number of forced outage hours 
divided by the sum of unit service hours (i.e., generator on-line 
hours) and forced outage hours. 

Source: 
Performance Indicators for Operating Commercial Nuclear 
Power Reactors, Office for Analysis and Evaluation of 
Operational Data, US Nuclear Regulatory Commission. 

Number of Safety System Actuations 

Description: 
Safety system actuations are actuation of the emergency core 
cooling system (ECCS) (actual or spurious) and the emergency 
ac power system actual, in response to low voltage on a safety 
bus). Input for this indicator in derived from LERs and is 
supplemented by 10 CFR 50.72 reports. 

Formula or Procedure: 
The original data are in quarters. A yearly mean was 
computed for each plant having valid data for at least three of 
the four quarters. 

Source: 
Performance Indicators for Operating Commercial Nuclear 
Power Reactors, Office for Analysis and Evaluation of 
Operational Data, US Nuclear Regulatory Commission. 

Number of Safety System Failures 

Description: 
This variable refers to the incidence of actual or potential 
losses of the safety function for structures or systems. If a 
system consists of multiple redundant subsystems or trains, 
failure of all systems/trains constitutes a safety system failure. 
Data are obtained from 10 CFR 50.72 and 10 CFR 50.73 
reports. 
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Formula or Procedure: 
The original data are in quarters. A yearly mean was 
computed for each plant having valid data for at least three of 
the four quarters. 

Source: 
Performance Indicators for Operating Commercial Nuclear 
Power Reactors, Office for Analysis and Evaluation of 
Operational Data, US Nuclear Regulatory Commission. 

Combined SALP Score 

Description: 
The NRC Systematic Assessment of Licensee Performance 
program evaluates licensee performance in selected functional 
areas, including: maintenance, plant operations, quality 
programs, radiological controls, outages, emergency 
preparedness, surveillance, training effectiveness, security, fire 
protection, and licensing activities. Each area is given one of 
three performance ratings: 1 = high performance (indicating 
reduced NRC attention is required), 2 = satisfactory 
performance (indicating normal attention is needed), and 3 = 
low performance (indicating the need for more attention). The 
rankings are given by report period which spans several 
months and which can span different years. 

Formula or Procedure: 
To get a yearly average, the following formula was used: 
[[(number of months in first year of report period * rating) + 
(number of months in the same year of the next report * 
rating)] / [number of months in the year covered by the two 
report periods]. To get a combined score for key functional 
are8.~, the individual scores were summed together. 

Sr.urce: 
Historical Data Summary of the Systematic Assessment of 
Licensee Performance (1988) NUREG-1214, Revision 3, US 
Nuclear Regulatory Commission, Office of Nuclear Reactor 
Regulation, Washington, DC. 

Number of NRC Violations 

Description: 
Number of safety violations as reported by NRC safety 
inspectors on 766 and 766A forms. These forms are an internal 



NRC management tool used during each inspection at 
licensees' nuclear power plants. 

Formula or Procedure: 
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Violations are coded by the NRC according to severity level (1-
5). The incidence of violations with higher severity levels (1, 2 
and 3) were summed to form a variable indicating the number 
of severe violations. The incidence of violations with severity 
codes of 4 and 5 were summed to form a variable indicating the 
number of minor violations. However, since no significant 
differences were found between these two measures, they were 
combined. Thus, the measure reported in the analyses refers 
to the total number of violations, irrespective of severity code. 

Source: US Nuclear Regulatory Commission, 766 and 766A 
Forms. 
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