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NOTICE

~

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the Un.ted States Government not any agency thereof, or any of their
employees, makes any warranty, empressed or implied, or assumes any legal liabiSty of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus, ,

product or process disclosed in this report, or represents that its use by such third party would,

not infringe privately owned rights.
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NOTICE )

. Availability of Reference Materials Cited in NRC Publications
i j

] Most documents cited in NPC publications will be available from one of the following sources: j
1. The NRC Public Document Room,1717 H Street, N.W. f

'

Washington, DC 20555 t,

'

.

2. The Superintendent of Documents, U.S. Government Printing Olbce, Post Of fice Box 37082, [Washington, DC 20013 7082
,

3. The National Technical Information Service, Springfield. VA 22161
,

i t
! Although the listing that follows represents the majority of documents cited in NRC publications. , '

3 it is not intended to be er.haustive.

Referenced @cuments available for inspection and copying for a fee from the NRC Public Docu- !
ment Room include NRC correspe dence and internal NRC memoranda, NRC Ollece of inspection |
and Enforcement bulletins, circulars, information notices, inspection and investigation notices; :

Licensee Event Reports, vendor reports and correspondence, Commission papers; and applicant and !

, licensee documents and cortespondence. I
'

|

The following documents in the NUREG series are available for purchase from the GPO Sales |,

Program; formal NRC staff and contractor reports, NRC sponsored conference proceedings, and !,

; NRC booklets and brochures. Also available are Regulatory Guides, NRC regutations in the Code of
fer era Regulatrons, and Nackar Regulatory Commission hsuances.

!
ri

Docurreits available from the National Technical information Service include NUREG series f
reports J.id 1echnical reports prepared by other federal agencies and repot1 prepared by the Atomic

|
j Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public ano special technical libraries include all open literature items,
. Such as books, journal and periodical articles, and transactions. federal Aegister notices, federal and
i state legistation, and congressional reports can usually be obtained fron . these libtaries.

Oceuments such as theses, dissertations, foreign reports and translations, and non NRC conference
proceedings are available for purchase from the organitation sponsoring the publication cited.

,

Single copies of NRC draft reports are available free, to the entent of supply, upon written-

request to the Division of information Support Services, Distribution Section, U.S. Nuclear
| Regulatory Commission, Washington. DC 20555,
1

Copies of industry ccdes and standards used in a substantive manner in the NRC regulatory process
, are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
1 there for reference use by the public. Codes and standards are usually copyrighted and may be
] purchased from the origineting organization or, if they are American National Standards, from the

I

i American National Standards Institute,1430 Broadwey, New York, NY 10018. 1
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ABSTRACJ

The NRC and its predecessor the AEC have had a regulatory requirement
since 1956 that utilities seeking a construction permit for a nuclear power;

plant be financially qualified to construct and operate the plant. Several
amendments to the requirements were made over the years including an attempt in

e

) 1982 to drop financial qualification review for electric utilities. This
: attempt was subsequently found invalid by a federal court. Nevertheless,

financial qualification reviews consume significant amounts of NRC staff time ,
;

and time at Atomic Safety and Licensing Board hearings. The analysis reported!

Iin this study was conducted to determine whether there is any empirical evi-
dence of a relationship between a utility's financial health at the time of its "

'

construction permit application and the subsenent safety performance of the i
operating plant. The principal financial measures used to test for this rela- ;

tionship were bond rating, interest coverage ratio, debt / asset ratio, debt / ;;

| equity ratio, and rate of return on equity. The principal safety measure was j

the long-term average of the scores usigned the utility in four key areas by ,

the NRC under the Systematic Assessment of Licensee Performance program. The f
,

<

results of the analysis showed no evidence of a relationship between financial i'

health at the time of the construction permit and subsequent safety i

performance. ,
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SUMMARY _
>

| Since 1956, applicants for a construction permit (CP) to build a nucleart

power plant have been required to demonstrate that they are financially quali-
fled to construct the plant and meet related fuel cycle costs. The specific
requirement appears at 10 CFR 50.33(f). Guidelines on the financial data and
related information needed to establish financial qualifications for a CP are
provided in Appendix C to 10 CFR 50. The information submitted by the appli-
cant is reviewed and analyzed by U.S. Nuclear Regulatory Commission (NRC) staff'

prior to issuance of the CP.

In 1978, NRC initiated a rulemaking that eventually culminated in a final>

rule in 1982 that, among other things, eliminated financial qualification4

reviews for electric utility CP applicants. That rule was challenged in court
and the requirement for financial qualifications review for CP applicants was;

ultimately reinstated pending further study. One of the issues to be examined
was whether there is a demonstrable link between financial qualifications of CP
applicants and plant st.fety. '

The principal objective of the study documented in this report is to
empirically investigate whether there is a relationship between the financial
qualifications of a utility at the time of CP application and the subsequent
safety performance of the plant.

,

TECHNICAL APPROACH;

Three questions had to be answered in the analysis:

1. How should financial qualifications be measured? i

) 2. How should safety performance be measured?

3. Is there a statistical relationship between the financial measures {4

j and the safety measures?

To address the first question, the financial analysis literature was t
,

reviewed and a large number of potential candidate measures of financial quali-
fications were identified. Potential tources of financial data were alsoi

reviewed to determine the availability of data to construct the various meas-*

ures. Comprehensive data on a large number of financial parameters were then
collected from two principal sources: Mood s Public Utility Manual and
Standard a Poor's Compustat Services. Based on the financial analysis litera-
ture an6 the available data, five financial measures were selected for detailed

i analysis: bond ratings, interest coverage ratto (a measure of a utility's
ability to repay its debt), debt / asset ratio, debt / equity ratio, and rate of4

return on equity.a

:

V

_ -- _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - . _ _ _ _ _ . . - _ - _ _ _ _ _ _ _ _ _ . _ _ _ _ . . . - . . _ _ , _



_-

To address the scJond question, prior work on quantitative measurement of
safety performance was reviewed, and again a large number of candidate measures
were identified. Data were obtained for such measures as:

;

Systematic Assessment of Licensee Performance (SALP) scores assigned -

*
to licensees by NRC Ii

1

civil penalties assessed by NRC for safety violationse

licensee event reports (LERs) {e

safety violations recorded in the NRC 766 File*

performance indicators adopted under NRC's Performance Indicatoro
Program. ,

A large number of other measures such as construction deficiency reports and
allegations were also considered, but were found to be unworkable within the |
scope of this study. |

.

To address the third question, statistical analyses were performed to |
'

explore possible relationships between financial qualifications at the CP*

st ge, as reflected by the five financial measures, and safety performance, as
reflected by the safety measures. Average SALP scores were the primary safety
ceasures used in the analyses.,

RESULTS AND CONCLUSIONS
'

i No evidence was found of a relationship between financial qualifications
at the CP stage and subsequent safety performance. Several qualifications i

apply to this conclusion, however.
1 First, although the safety and financial measures considered ir. this study j

i are the best available within the scope of this wo''k, they are only approxi- f

i mate. It is conceivable that other measures could be developed in the future !

that might give a different result. This it considered unlikely, but the pos- I

sibility cannot be completely ruled out. ji

Second, the population of plants and utilities considered in this study
* was limited. No applicant for a CP has ever been denied a permit because of

inadequate finu.cial qualifications. All of the utilities that have built.

nuclear plants in the U.S. have had relatively strong financial qualifications
at the time of the CP. The data set used in this study included no utilities
with a bond rating at the time of CP application lower than Ba based on Moody's
rating system. Thus, on the basis of this study, little inference can be made
about the relationship between financial qualifications and safety for utili-
ties with wcaker financial qualifications.

;

f

1
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Third, the relationship may be obscured by other factors that have more
direct or more important influence on safety, e.g., utility management or plant
maintenance. !-

a

!

LThe issue of whether the financial health of a license applicant or licen-.

see is related to safety performance is a longstanding one at the Commission. ;

By empirically examining the relationship between financial qualifications at j
the CP stage and subsequent safety performance, this study addresses a portion I

of the issue. j
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ABBREVIATIONS

AEC U.S. Atomic Energy Commission
CFR Code of Federal Regulations
Commission The NRC, AEC, or both as the context requires
CP Construction Permit
DAR Debt / Asset Ratio
DER Debt / Equity Ratio
DOE U.S. Department of Energy
FR Federal Register
GAO U.S. General Accounting Office
ICR Interest Coverage Ratio
IOU Investor-Owned Utility
LER Licensee Event Report
NRC U.S. Nuclear Regulatory Commission
OL Operating License
PI Performance Indicator"

PNL Pacific Northwest Laborti;ry
POV Publicly Owned Utility
RRE 9 ate of Return on Equity
SALP Systematic Assessment of Licensee Performarce
TVA Tennessee Valley Authority
USC United States Code
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1.0 INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC) and its predecessor the
U.S. Atomic Energy Commission (ACC) have had a regulatory requirement since

to build a nuclear power
1956 that applicants for a construction permit (CP) lysis of each applicant'splant be financially qualified. An independent ana
financial qualifications to construct and operate the plant has been conducted
by Commission staff. The principal objective of the study dccumented in this ,

report is to empirically examine whether there is a relationship between the
financial qualifications of a utility at the time of CP application and the
subsequent safety performance of the plant.

There are two possible ways in which financial health at the CP stage may
influence subsequent safety performance. Thefirstisthatgoorfinancial

!health might create incentives for a utility to "cut corners on plant con-
struction, resultir.g in safety problems later. The second is that a utility in
poor tinancial health at the CP stage may remain in poor financial condition
no; only during construction but also during subsequent plant operation aad may
have incentives to cut corners during plant operations. This condition could
also affect safety.

:

There are also, of course, many factors that influence utilities to oper-
ate their nuclear power plants safely regardless of the utilities' financial
condition. One important factor is the economic implications if a plant is
forced to ci-.i because of safety problems. Closure can result in significant
maintenance and repair costs and the need to purchase replacement power. If a

state public utility comission determines that the closure was caused by
imprudent actions by the utility, these costs nay only be partially recoverable
from ratepayers. Utilities would also receive unfavorable publicity from such
a closure that could affect such things as their bond ratings. Finally, the
NRCinspectionprogramisdesignedtodetectandpreventunsafeoperatingprac-
tices regardless of a licensee s financial position.

NRC is nevertheless interested in the question of whetby there is a
demonstrable relationship between financial qualification at the CP stage and
su5 sequent safety performance for several reasons. First, if a correlation is !

found, the NRC may choose to devote additional rgurces to investigating thefinancial qualifications of future CP applicants to better meet the
Comission's cbligation under the Atomic Energy Act to protect the health and !

safety of the public. Second, if no correlation is found, NRC may choose to
reinitiate a rulemaking to eliminate financial qualification review for future ,

utility CP applicants and thereby reduce the administrative time and cost of f

|

(a) Currently there are no pending CP applications for nuclear power plants. |
NRC 1986 Annual Report, NUREG-1145. Vol. 3, p.14, June 1987. (Hereafter
cited as "hRC 1986.")

1.1
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i

processingCPs.(') The time and cost of financial qualifications review can be !

extensive. In the application to construct the two-unit Seabrook nuclear power'

| station, for example, six days of testimony involving ten expert witnesses were
| devoted to the financial qualification issue. ge transcript for this portion
' of the hearings contains more than 1300 pages. Third, the financial qual-

,

ification issue relates to a broader question of concern to NRC--whether the
financial health of a utility is related to its safety performance. There are
several examples of this concern. NRC has sent letters to utilities in poor ,

financial condition expressing concern over how the condition would affect the i
safe operation of the utilities' neclear plants on several occasions.\C1 In i
addition NRC has recently amended its regulations to require that licensees
notify the appropriate Regional NRC Administrator in the event that the licen-
see is involved in bankruptcy proceedings, in its discussion of the rule, the
Commission s(+ed that "a licensee who is experiencing severe economic hardship

tectspublichealthandsafety."g)licensedactivitiesinanannerwhichpro.
may not be t .sble of carrying o

Finally, the NRC has expressed concern
that performance incentive programs operated by public utility commissions in

'
,

various states might "encourage, directly or indirectly, the adoption of
actions pel ened to maximize measured performance at the expense of planti
safety." '' As of November 1987, performance incentives covered the con-
struction or operation of g roximately 45 nuclear power reactors owned by

;

30 utilities in 17 states. The techniques and data developed in this report ,

are potentially applicable to these broader concerns about the relationship |

between financial health and safety performance.

;

i
t

t

i

!

(a) Financial qualification review of Cp applicants was eliminated in !
March 1982, but a February 1984 court decision invalidated the elimi- t

nation. See Section 2.1. ;

(b) In the Matter of Public Service Co. of New Hampshire et al. (Seabrook i

Station, Units 1 and 2), 7 NRC 1 (1978). Nuclear Regulation Reports, !
Comerce Clearing House, paragraph 30,264.06 at p. 28,399. !

(c) An August 17, 1987 letter, for example, was sent to the Public Service Co. I

of New Htmpshire regarding low power testing at the Seabrook reactor. I

Nucleonics Week, McGraw-Hill, New York, N.Y., p. 3. September 3, 1987. A ;

November 24, 1986 letter was sent to Gulf States Utilities Co. concerning
its River Bend unit. Inside NRC, McGraw-Hill, New York, N.Y., p.11,
December 8, 1986. A letter was 'also sent to subsidiary companies of
Middle South Utilities regarding their nuclear power plants. Inside NRC,
p. 3, October 14, 1985.

|(d) 52 Federal Register 1292, January 12, 1987. ,

(e) J. C. Peterson, Incentive Regulation of Nuclear Power Plants by State i

Public Utility Comissions NVREG-1236 Vol.1, p. 3. December 1987.
!(f) Ibid., p. 1.

1.2
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The specific NRC requirement gt applicants for permits to construct a j

production or utilization facility demonstrate to the Commission sufficient
financial qualification to carry out construction is at 10 CFR 50.33(f). An ,

applicant must demonstrate that it either has the necessary funds to cover '

estimated construction costs and related fut ) cycle costs or has reasonablei
gb

assurance of obtairing the necessary funds (C) There are special requirements
if the applicant is a newly-formed entity. Guidelines for what financial
data and related infomation are needed to establish financial qualifications
for a CP are provided in Appendix C to 10 CFR 50. Applicants for an OL, other
than electric utilities seeking an OL for a utilization facility, must demon-
strate sufficient figcial qualifications to operate the facility and pema-nently shut it down. An application to transfer a license or a portion of
an interest under a license must also include financial qualification infoma-
tion about the praspective transf tee to the extent such information would be

isconductedbytheNRCOfficeofNuclearReactorRegulation.gqualifications
needed for the original license. J The evaluation of finane

h

Section 189 of the Atomic Energy Act of 1954 (42 USC 2239) requires that a
public hearing be held on every CP application. Hearings are conducted by
Atomic Safety and Licensing Boards as authorized by Section 191 of the Act.

qualified to design and construct the proposed facility "jegnt is financially
One issue the Boards are to consider is "whether the appl ;

\9' Similarly, a
standard for issuance of a CP is a finding that the applicant is "financially |

qualified to g age in the proposed activity in accordance with (NRC)regulations."

i NRC eliminated financial qua ication review for electric utilities at I
'both the CP and OL stage in 1982.> The U.S. Court of Appeals for the

District of Columbia, however, found that %he amendment to the NRC regulations
elininating financial qualification review was not supported by the

1

(a) The tems "production facility," "utilization facility," and "special
nuclear material," are defined in the Atomic Energy Act of 1954(42USC ,

2014) and in the imC regulations (10 CFR 50.2). Briefly, a production
facility is a facility capable of producing quantities of special nuclear

| material of significance to the common defense and security. A utili-
zation facility is a facility that is capable of using special nuclear i

material in quantities significant to the common defense and security.
Special nuclear material is plutonium and uranium enriched in the isotope

'
i

233 or 235. A nuclear power reactor is a utilization facility.
'

10 CFR 50.33(f)((1).10 CFR 50.33(f) 3).
10 CFR 50.33 (f)(2). |

f e 10 CFR 50.80(b).
f 10 CFR 1.61.
g 10 CFR 2.104(b)(1)(til). 10 CFR 2. Appendix A (VI)(c)(til).

(h) 10 CFR 50.40(b). !4

(i) 47 Federal Register 13750,liarch 31, 1982.
|

1

1.3

,

,
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|
t

accompanying statement of basis and purpose.(a) NRC subsequently adopted a
| revised amendment to the regulations eliminating the requirttntet for electric
' utilities to demonstrate financial qualification for an OL.W

Two sections in the Atomic Energy Act provide the statutory basis for
| financial qualification review. Section 182(a) [42 USC 2232(a)J of the Act is

the principal section dealing with the issue. It provides that: ;

| Each application for a license ... shall specifically state such
'

! infomation as the Commission, by rule or regulation, may determine
to be necessary to decide such of the technical and financial i'

qualifications of the applicant, ... or any other qualifications of
i the applicant as the Commission may deem appropriate for the license.

Section 103(b) [42 USC 2133(b)] is also applicable. It provides that the
Corvr.ission shall issue licenses to personst

j
,

(2) who are equipped to observe ... such safety standards to protect
health and to minimize danger to life or property as the Comission
may by rule establish.

s
'

Together, these sections appear to allow the Commission the option of request-
ing such financial qua ication information as it deems necessary to evaluate
alicenseapplication.g' The legislative history of the Atomic Energy Act i

provides little additional inforgetton on the intent of Congress regarding ;

financial qualification review. W Two authors writing on the history of t

nuclear regulation, however, state that the section covering information on i

financial qualification was added to the Act because members of the Joint !

CommitteeonAtomicEnergybelieved"thatanapplicantwhowasnotfinanciall{s !

qualifie{'pight tske shortcuts in construction that could affect the facility (
safety." ;

ITha NRC is not the only federal agency concerned about the financial
health and qualifications of the industry it regulates. The Federal Aviation s

Administration, for example, requires that air carriers seeking certificates of |

public convenience and necessity provide extensive financial information in :

;

;

[
'

(a) New England Coalition on Nuctedr Pollution v. NRC,195 F.2d 168 (D.C.
Cir. 1984). !

(b) 49 Federal Register 35747, September 12, 1984. t

(c) A federal court of appeals has stated that the Atomic Energy Act "gives i
! the NRC complete discretion to decide what financial qualifications are i

appropriate." New England Coalition on Nuclear Pollution v. NRC, j
582 F.2d 87, 93 (1st Cir.1978). t

(d) M. W. Losee, complier, legislative History of the Atomic Energy Act of t

(e) TT., U.S. Government Printinf0ffice, Washington, D.C.,1955.
1954

Mazuzan and J. S. Walker, Controlling the Atom: The Beginnings of i

Nuclear Regulation 1946-1962 University of California Press, p. 75, 1984. ,

*
;
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s

theirapplications.(a) Several studies have examined whether an atriine's
financial health affects its safety record. Some studies have found a weak

ship between an airline s financial health and its safety performance.gation-
statistical correlation but an equal number of studies have found no

g

In most foreign countries, electric utilities are publicly owned. Finan-
cial qualification review of nuclear power plant owners is therefore uncommon,
but at least one e,ountry {cjapan - has a financial qualification review as partof its licensing process.

The analyt,is in this report focuses on investor-owned electric utili-
ties. Several measures of financial qualification and safety are used to test
the existence of a relationship between financial qualification and safety
performance. Financial measures used in the analysis are debt to equity ratio,
the interest coverage ratio, debt to asset ratio, rate of return on equity, and
ratings on long term bonds. A discussion of why these measures were used is in
Section 4.1. Safety measures used are results from the NRC's Systematic
Assessment of Licensee Performance (SALP) program, the number of safety viola-

NRC inspectors and recorded on Form 766, and reported licensee
tions found by(LERs). A discussion of these safety measures is inevent reports
Section 4.2. The financial and safety measures could be used to further
examine the possible relationship between financial health and safety
performance such as an examination of whether operating nuclear power plants
may require increased regulatory attention because of financial difficulties
experienced by the plants' owners.

The remainder of this report includes four sections. Section 2 provides a
historical review of financial qualification requirements and some of the
important principles developed in NRC and AEC licensing decisionr.. Section 3
discusses the relative volatility of the financial health of investor-owned
electric utilities. Section 4 discusses the measures of financial qualifica-
tion and plant safety used in the analysis. Section 5 discusses the statisti-
cal techniques used in the empirical examination of the relationship between
financial heaith at the CP stage and the subsequent safety performance of the
operating plant and the results of the analysis.

(a) 14 CFR Part 204.
(b) U.S. General Accounting Office Aviation Safety: Measuring How Safety

Individual Airitnes Operate, CA0/RCED-88-61, pp. 4, 28. March 18,1988.
(c) Organization for Economic Cooperation and Development, Licensing Systems

and Inspection of Nuclear Installations, Paris, France, 1986.

1.5
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2.0 HISTORICAL REVIEll 0F FINANCIAL QUALIFICATION REQUIREMENTS

This section reviews the development of financial qualification regulatory
requirements and the interpretation of the requirenents in the courts and
administrative proceedings. Section 2.1 chronologically reviews the devol
rent of financial qualification regulations issued by the NRC and the AEC.g
Section 2.2 briefly reviews the interpretation of the requirements in licensing
proceedings that led to principles and decision criteria for financial
qualification.

2.1 CHRONOLOGICAL DEVELOPitENT OF REGULATIONS

Table 2.1 contains a chronological list of significant events following
passage of the Atomic Energy Act of 1954 related to development of financial
qualification regulations. This section provides supporting detail on the
events. ,

,

The first financial qualification regulations were -Apted by the AEC in i

January 1956. Under the 1956 regulations, license app? ;s were to state in

their application their financial qualifications to engage in the proposed
activities [10 CFR 50.33(f)]. In determining whether a license would be ;

issued, the AEC considered whether the applicant was financially qualified to |
engage in the proposed activities in accordince with AEC regulations
(10 CFR 50.40(b)). In reviewing and evalua ing the financial quali ations of
a CP applicant, the principal matters examired by the AEC included:g,

1. A review to determine the reasonableness of the applicant's estiinates
of costs to construct the proposed facility.

2. Analysis of the applicant's plan for financing the cost of the
facility; identification of the sources of funds relied upon, e.g.,
external sources such as borrowings and stock subscriptions, or
internal sources such as earnil.gs or depreciation reserves.

'

3. Analysis of the applicant's certified financial statements and
supporting schedules to address his current financial condition in
relation to his financing plan.

(a) The NRC was created by Section 201 of the Ene.gy Reorganization Act of
1974 (42 USC 5841). The Act transferred to NRC the licensing and related
regulatory functions of the AEC.

(b) Letter from Harold Price, AEC Director of Regulation, to John Conway.
Executive Director of the Joint Committee on Atomic Energy, January 30,
1967. The letter is reprinted in Licensing and Regulation of Nuclear
Reactors: Hearings Before the Joint Committee on Atomic Enerqy,
T0th Congress,1st Session, Appendix 12. (1967).

~

l,
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|

TABLE 2.1. Chronology of Events Related to Financial Qualifications |

Date Citation Event
:

January 19, 1956 21 FR 355 AEC issues 10 CFR 50.33(f) and !
50.40(b) requiring that license
applicants state their finan- ,

cia; qualifications and actually J

be financially qualified.

July 4, 1968 33 FR 9704 AEC adopts more detailed informa- ,

tion requirements for CP and OL |
applicants in 10 CFR 50.33(f). r

Appendix C to 10 CFR 50 containing
guidance for the information is -

adopted. ;

January 6,1978 In the Matter of NRC Commissioners direct staff to
Public Service Co., initiate a rulemaking proceeding
of New Hampshire, to examine the factual, legal, and
7 EC 20. policy aspects of the financial i

~

qualifications issue.

May 25, 1978 43 FR 22373 NRC issues notice initiating ;

financial qualifications :

rulemaking. {

April 27,1979 SECY 79 299 NRC staff memorandtsn to Comis-
stoners recomending that finan- l
cial qualification review be i
satisfi2d if a utility applicant t

determines its own rates or has !

them determined by a state or !
federal regulatory agency and if i
its long term debt is rated A or |
higher. ;

1

August 18, 1981 46 FR 41786 NRC issues notice proposing elimi- |
nation of financial qualifications i

review for electric utility CP and }
OL applicants except for possible I

review at the OL stage of ability |
to meet decruissioning costs. |

March 31, 1982 47 FR 13750 NRC issues final rule climinating j
financial qualification review for i

electric utility CP and OL '

applicants.

2.2
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, TABLE 2.1 (contd)

Date Citation Event

February 7, 1984 New England Coalition The March 31, 1982 rule is found i

on Nuclear Polluttor to be unsupported by the accom.
~

,

v. NRC, 727 F.2d panying statement of basis and ,

'

1127 (0.C. Circuit). purpose and is remanded to NRC.

| April 2,1984 49 FR 13044 NRC propotes to eliminate finan.
J cial qualification review for
i electric utilities seeking an !
1 OL and to reinstate such review

for CP applicants. j

l June 12, 1984 49 FR 24111 NRC issues policy statement that !
! the March 31, l?92 ruie will con- !

| tinue in effect antil aciion is !

completed on the April 2,1984 !
proposed rule.

i August 22, 1984 Memorandum from Commissioners Lernthal and Zech
; Samuel Chilk to request that NRC staff consider
J Herzel Plaine and a rulemaking to eliminate finan-

William Dircks. cial qualification review of'

; SECY-84-329. electric utilities at the CP
[stage.
{1

i September 12, 1984 49 FR 35747 NRC adopts April 2, 1984 proposed |

) rule. (
|' September 30, 19o5 SECY-85 316 NRC staff recommend to the f

|

Comissinners that further rule- I

l making on financial qualification !

! review of electric utilities at i

] the CP sta9e be discontinued. ;

| January 30, 1986 Memorandum to Victor NRC Commissioners approve the |
Stello from Samuel recomendation for discontinuance, |

'Ch11k. but request a future recomenda-
| tion on financial qualifications !

review follwing the completion of !
j litigation on the September it, l

1984 ru% king. |,

1

July 11, 1986 Coalition for the The September 12, 1984 rules on !
Environment, financial qualification are'

!

i St. Louis Region upheld by the U.S. Court Of |
; v. NRC, 795 F.2d Apoeals. |
j 168 (D.C. Circuit).

|
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.

,!

! 4. In those cases in which external sources are relied upon for all or !

part of the required funds, documentary or other evidence relating to ::

contractual arrangements or commitments for such financing, and some- '
3

times the contracts themselves, are also reviewed.-

,

'
; 5. Where the applicant is a newly formed entity, the review particularly

covers the capitalization of the organitation and the reliability of |4

1 sources of capital funds needed to construct the facility. '

,! No fomal financial qualification review criteria were ever adopted by the AEC
or NRC.

In Jo y 1968 the AEC issued a revised and more detailed version of i
10 CFR 50.33(f) and also a new Appendix C to 10 CFR 50 to provide guidance for
required infomation to estabitsh financial qualification. The Commission !

noted in its supplemen',ary infomation accompanying the rules that a Itcense :
applicant's financial qualifications can contribute to its ability to meet its :,

responsibilities on safety matters. '
,

! The version of 10 CFR 50.33(f) adopted in July 1968 requires a CP appli. i
cant to provide information that shows that it possesses the funds necessary >

for estimated construction costs or has reasonable assurance of obtaining the '

;

| necessary funds. This requirement remains in effect today at 10 CFR
50.33(f)(1). OL applicants were required to demonstrate that they either had ,

) the necessary funds to cover estimated operating costs or had reasonable assur- r
' ante of obtaining the funds. This requirement has been eliminated for electric |

,
utilities.

1
' Appendix C to 10 CFR 50 was adopted to apprise licens, applicants of the '

j type of financial data needed to demonstrate financial qualification. Separate !
guidance was provided for existing and newly fomed entities and for CP and OL !1

' applications. Appendix C continues in effect today with the exception of the |
guidance for OL applicants. For CP applications from established organiza. |;

tions, the data to be provided include construction costs broken down into l

nuclear production plant costs, trant, mission, distribution, and general plant !
I

k

1.
;

:

4

: i
f :

! !

1, !

I

.
!
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;
;

1

|
costs and the nuclear fuel inventory for the first core; the source of con-

The NRC reserves the !
struction funds; and the applicant's fingial statement.'

right to request additional information. ;

!

Following issuance of the July 1968 rules, financial qualification grad- !
i

ually became a contested issue at many hearings on applications for a CP. One ;

of the most important cases involved Public Service Co. of Newgmpshire's app-lication to build the two unit Seabrook nuclear power station. The full MC ,

!Comission concluded that the company and its associated applicants ,ld have
;

reasonable assurance of obtaining the funds necessary to build the plants
;

!a

i
j ;

4 ,

i i

(a) 10 CFR 50, Appendix C (IV). NRC staf f typically have requested CP app" !I

cants to provide more detailed financial information than set out in
4

j Appendix C to 10 CFR 50. The request for additional financial informa. h '
j from the Public Service Co. of New Hampshire for the Seabrook power sta-
! tions is reproduced in D. W. Stever, Seabrook and the Nuclear Regulator !

'

]
Commission, University Press of New England, Appendix VII,1980. Ad -

tional information requested included: 1) a detailed breakdown of esti-,

'

I mated capital costs. 2) a copy of the joint ownership agreement with a
detailed explanation of provisions relating to progress payments, 3) a !

;

complete schedule of the source of funds for construction expenditures, !

4) copies of the most recent officer . certificate or net earnings certif- |

d,rbentures including interest coverage calculations, 5) gage bonds or [icate prepared in conjunction with the issuance of mort1
a detailed expla-'

,

nation of restrictions on the issuance of new stock and debt, 6) a'

! detailed statement of financial statistics for the two years prior to the |
! application, and 7) a discussion of t' . company's economic regulatory .

; environnent including the outcome of its most recent rate reitef applica- |
tion and the nature of pny pending rate relief request. t*

(b) Public Service Co. of New Hampshire, as lead applicant for a consortium of i

New England utilities, originally applied for the cps in March 1973. An !

Atomic Safety and Licensing Board granted the permits in June 1976, 3 WC |'

857. An Atomic Safety and Licensing Appeal Board affirmed the issuance of |,

l the cps in July 1977 on a 21 vote. 6 *C 33. The dissenting Board member L

would have reversed the Licensing Board's decision to award the cps on the i;

basis that the applicants did not establish that they have the financial !
,

|
qualifications necessary to carry out construction safely. The full NRC i

Comission affirmed the Appeal Board in January 1978, 7 *C 1. The U.S. (i

Court of Appeals (First Circuit) affirmed the Commission's decision ini
i

August 1978. New England Coalition on Nuclear Pollution v. WC, |
'

582 F.2d 87
I {
: i
,
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within the meaning of the regulations.(a) In its decision, the Commissioners
directed NRC staff "to initiate a rulemaking proceeding in which the factual,
legal, and policy aspects of the financial qualifications issue may be reexam-
ined" (7 NRC 20). A notice initiating the rulemaking was subsequently pub-
lished in the Federal Register on May 25, 1978.

After reviewing the public comments in response to the May 1978 notice and
conducting its own staff analyses, NRC issued a new proposed rule on financial
qualification in August 1981. The proposed rule would have eliminated finan-
cial qualification review for electric utility CP and OL applicants with the
possible exception of retaining financial qualification review at the OL stage
for the cost of permanntly shutting down a facility and maintaining it in a
safe condition. After reviewing the public comments on the August 1981
proposal, NRC adopted a final rule on March 31, 1982 which eliminated entirely
financial qualification review for electric utilities seeking a CP or OL. The

supplementary information in the March 31, 1982 Federal Register _ notice states
that the basis for the rule was a determination by NRC that elimination of
financial qualification revicw would reduce the effort and resources devoted to
this issue during licensing without reducing the protection of the public
health and safety. Reasons for this determination cited in the August 1981 and
March 1982 (ederal Register notices included:

1. A finding that regulated electric utilities or publicly owned utili-
ties able to set their own rates will be able to recover the costs
needed for safe construction and operation of a nuclear power plant;
and

2. A determination that the NRC's inspection and enforcement process
will adequately protect public health and safety,

.

in February 1984, the March 31 , 1982 rule issued by NRC was found to be invalid
by the U.S. Court of Appeals (District of Columbia Circuit) because it was not
supportedbyastatementofbasisandpurposedemgtratingarationalconnec-
tion between the facts found and the choice made. The NRC subsequently
issued a policy statement in June 1984 concluding that the decision did not
have the effect of restoring the financial qualification regulations in effect
prior to March 31, 1982.

(a) For a variety of reasons, construction costs for the two Seabrook units
escalated sharply. The units were originally estimated to cost less than
$2 billion. Unit 2 was canceled in November 1986. Unit I was completed 1

in July 1986, but has yet to receive an OL. Its final cost is expected to i
be on the order of $5 billion. The financial condition of the Public 1

Service Co. of New Hampshire became sufficiently weak that it filed for |
protection from its creditors under Chapter 11 of the Federal Bankruptcy !

'

Code in January 1988.'

(b) New England Coalition On Nuclear Pollution v. NRC, 727 F.2d 1127,1131
(1984).

2.6
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In response to the Feb:'uary 1984 decision by the court of appeals, NRC
issued a new proposed rule on April 2,1984 eliminating financial qualification ;

review for electric utility OL applicants and reinstating such review for CP
applicants pending further study. The proposed rule was made final on
September 12, 1984. The basis for the rule was a finding by NRC that the rate-
making process assures that funds needed for safe nuclear power plant operation
will be made available to regulated electric utilities and electric utilities
able to set their own rates. As an aside, NRC also noted that there is no
proven link between financial qualification review and safe operation of
nuclear power plants. The final rule published on September 12, 1984 was
upheld by the U.S. Court of Appeals (District of Columbia Circuit) in
July 1986.

The September 1984 rule added several provisions to 10 CFR 50.33(f). One
provision requires CP applicants to submit estimates of the total construction
cost and rgted fuel cycle costs and indicate the sources of funds to coverthe costs. Another provision provides that CP applications from newly
formed entities are to include information on the legal and financial relation-

meet any contractual obligation to the newly formed entity.gof the owners to
ship the entity has with its owners and the financial abili

2.2 FINANCIAL QUALIFICATION PRINCIPLES AND DECISION CRITERIA DEVELOPED IN
NRC/AEC ADitINISTRATIVE DECISIONS

applicants from 1956 through 1978.(tge financial qualifications of utility CP
The NRC and the AEC evaluated

c They evaluated the financial qualifi-
cations of utility 0L applicants from 1958 through the March 31,1982 ryle
eliminating financial qualification review for utility 01. applicants.Id i

Altogether more than 200 license applications from electric utilities have been i

reviewed by the NRC and AEC for financial qualification. The NRC has also
acted on petitions under 10 CFR 2.206 to institute proceedings to modify,

(a) 10 CFR 50.33(f)(1).
(b) 10 CFR 50.33(f)(3).
(c) The first cps for commercial nuclear power plants were issued in May 1956

to Consolidated Edison Co. for the Indian Point Station Unit 1 and to
Commonwealth Edison Co. for the Dresden Nuclear Power Station Unit 1.
U.S. Department of Energy (00E), U.S. Central Station Nuclear Electric ;

i Generation Units: Significant Milestones, 00E/NE--0030/12, May 1985. i
(Hereafter "00E 85"). ThTmost recent CP was issued to long Island
Lighting Co. and New York State Electric & Gas Corp. in January 1979 for

,

the Jamesport Nuclear Power Station, Units 1 and 2. These units were
subsequently canceled in January 1980. M. B. Spangler, Reactivation of_
Nuclear Power Plant Construction Projects NUREG-1205, fa'Ble 1,
July 1986. NRC Office of State Programs, Owners of Nuclear Power Plants,
NUREG-0327 Rev. 3, pp. 5, 6, November 1982.

(d) The first OL application for a commercial nuclear power plant was received
by the AEC in June 1958 from Commonwealth Edison Co. for its Dresden
Nuclear Power Station, Unit 1. DOE 85.

i
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qualifications.g exis: *19 cps and OLs because of alleged lack of financial
suspend, or rev

In a , of these reviews, no electric utility
to be financially unqualified to receive or maintain a license.t pas been foundb Some of the
important principles and criteria developed by the Commission and the licensing
boards for reviewing financial qualifications are discussed in this section.

One of the early principles established was that financial qualification
review is conducted to further the Commission's regulation of the
safety aspects of nuclear power plant construction and operation.(gdiologicalThe

Commissiondoesnotneedtoinquiregotheeconomicsoundnessofautility'sinvestment in a nuclear power ant. Such an economic inquiry can be
conducted by states, however.([<One corollary to this principle is that the
holder of an OL that is undergoing financial difficulties is not subject to an
enforcement action unig there is evidence of problems that could affect pub-
lic health and safety. A second corollary is that a decision by a CP holder
to slow or halt construction because of financial constraints is not subject to
an enforcement action unless there is evidence that the constraints have had an
adverse impact on pa{ety or are substantially likely to adversely affect publichealth and safety.\9

The Commission interpreted the phrase "reasonable assurance" in
10 CFR 50.33(f)(1) in the Seabrook case. The Commission stated that the
phrase:

"does not mean a demonstration of near certainty that an applicant
will never be pressed for funds in the course of construction. It

does mean that the applicant must havg reasonable financing plan inthe light of relevant circumstances."

Finally, for a plant with multiple owners, a finding that a minor owner is
only marginally qualified will not make the CP applicants as a group

(a) See, for example, in the Matter of Public Service Co. of New Ham) shire
et al_.,10 NRC 703 (1979); In the Matter of Petition Concerning ;inancial

Qualifications of Nuclear Power Plant Licensees,14 NRC 1807 (1981); and
in the Matter of Maine Yankee Atomic Power Co., 18 NRC 157 (1983).

(b) Coalition for the Environment, St. Louis Region v. NRC, 795 F.2d 168,171
(D.C. Cir. 1985).

(c) In the Matter of Public Service Co. of Colorado, (Fort St. Vrain Nuclear
Generating Station), 4 AEC 154 (1968).

(d) Ibid. See also, Power Reactor Development Co. v. Electrical Workers,
367 U.S. 396, 413 (1961).

(e) Pacific Gas and Electric Co. v. State Energy Resources Conservation and
~

Development Commission, 461 U.S. 190 (1983).
(f) In the Matter of Maine Yankee Atomic Power Co , (Maine Yankee Atomic Power

~

Station), 18 NRC 157 (1983).
(g) In the Matter of Cleveland Electric illuminating Co. et al., (Perry

Nuclear Power Plant, Units 1 and 2), 22 NRC 635 (1985).
(h) In the Matter of Public Service Co. of New Hampshire et al., (Seabrook i

Station, Units 1 and 2), 7 NRC 1, 18 (1978).

' '
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financially unqualified. In the Millstone 3 case, one participant owning less
than 4% of the plant was found to have only marginal financial qualifica-

qualified.gtheless, the applicants as a whole were found to be financially
tions. Ne

1

;

I

'

(a) ,In the Matter of Northeast _ Nuclear Energy Co., (Millstone Nuclear Power -

Station, Unit No. 3), 8 AEC 187, 634 (1974).

|
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3.0 VOLATILITY IN THE FINANCIAL HEALTH OF INVESTOR-0WNED ELECTRIC UTILITIES

The issue of the volatility in the financial health of electric utilities
is related to the question of whether financial qualification review for CP
applicants is worthwhile. If financial health is highly volatile, findncial
qualification review may have r::duced value, especially considering that the
elapsed time (aqom CP issuance to plant retirement is likely to be on the orderf

if the financial health of electric utilities is relativelyof 50 years. ,

unvolatile, the potential value of financial qualification review is enhanced.

Selected financial statistics for the electric utility industry as a whole
are shown in Table 3.1. The data show that the industry has generally been in
declining financial health since about 1965. The amount of operating income
available for debt repayment as measured by the interest coverage ratio has
been declining. The market / book ratio has also been generally declining,
although it has improved in recent years. The market / book ratio refleccs
investorexpectationsabouttheearnigcapabilityofthefirm. It is closely

related to a firm's return on equity. If investors believe that future
returns on equity will be comparable to returns availpb;e on alternative

cinvestments, the market / book ratio will be about one.s ? A market value/ book
value ratio less than one indicates that earnings per share of stock are likely
to be reduced by issuance of new common stock, thus diluting the earning power
of existing shareholders' stock. Finally, the quality ratings of long term
debt peaked around 1965 and have been gradually declining since then, although
there has been recent improvement.

Even though the financial health of electric utilities has generally
declined over the last 20 years, utility bankruptcies have been rare since the

bankruptcies involving $1.7 billion in outstanding securities.g53 utility
depression years of the 1930s. Between 1929 and 1936 there we i

Since that
period the only investor-owned electric utility (100) that has filed for bank-
ruptcy is the Public Service Co. of New Hampshire. Three pubiicly owned utili-
ties (POVs), all involving rural electric cooperatives, have filed for reorgan-
ization under Chapter 11 of the Bankruptcy Code. The Orcas Power & Light Cc.
serving northwest Washington State filed in 1982 as a result of financial
problems created by its involvement in the nuclear pnwer plant construction

(a) The time from CP issuance to plant fuel load averages about 8 years.
M. A. Radlaver et al., "Nuclear Construction Lead Times: Analysis of Past
Trends and Outlook for the Future," The Energy Journal, pp. 45, 61,'

January 1985. Operating licenses are issued for a term of 40 years.
10 CFR 50.51.

(b) L. S. Hyman, "Utility Stocks in 1967-72: A Tale of Woe," 93 Public
Utilities Fortnightly 23, 27, February 28, 1974.

(c) U.S. General Accounting Office, Analysis of the Financial Health of the
Electric Utility Industry, GA0/ REED-84-22, p. 7, June 11, 1984.

(d) B. Robinson, "In Re Blackacre Power and Light: The Bankrup4cy of a Public
Utility," 50 Albany Law Review 641, Spring 1986.
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TABLE 3.1. Selected Financial Statistics For Investor-
Owned Electric Utilities

Percentage of
Interest Long Term

Coveraga Market {ggok Debt Ratpd)Ratio I Ratio 1 Aaa or AatCYear

1945 4.2x 99%

1946 4.6 125 52%

1947 4.6 107

1948 4.2 97

1949 4.2 100

1950 4.2 107 52

1951 4.0 108
1952 4.1 114

1953 3.8 121'

1954 3.8 139
1955 3.9 151 59

'

1956 3.9 146

1957 3.7 139
i 1958 324 158
t 1959 3.4 175

1960 3.4 177 74)

1961 3.4 220
1962 3.5 211
1963 3.6 227
1964 3.6 228
1966 3.7 235 89
1966 3.6 200

'

1967 3.4 190
1968 3.1 174
1969 3.0 160
1970 2.7 127 78
1971 2.6 129

1972 2.6 117

1973 2.6 100
1974 2.4 67
1975 2.4 69 49
1976 2.4 79

19'/7 2.4 87

| 1978 2.4 80
1979 2.4 75 ,

,

!
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TABLE 3.1. (contd)

Percentage of
Interest Long Term

d
Coverggy Market {ggok Debt Rat 9 )

j

Ratio Ratio 1 Aaa or AascYear

1980 2.3X 66% 37%

1981 2.3 d7

1982 2.4 77

1983 2.5 89

1984 2.5 85

1985 2.3 101 41

1986 2.4 125 40

(a) Interest Coverage Ratio = Pretax Operating Income

Interest Expense on Long-Term Debt
(b) Market / Book Ratio = Average Common Stock Price

Book Value of Common Stock
where book value is the amount of money per share that connon
stockholders have invested plus retained earnings.

(c) Based on a sample of 73 utilities and bond ratings prepared by
Moody's Investors Service Inc. Bonds rated Aaa are considered to
be the best quality, carrying the smallest degree of investment
risk. Bonds rated Aa are judged to be of high quality by all
standards.

Sources: Columns 1 and 2

1. Leonard S. Hyman, America's Electric Utilities:
Past. Present and Future, Public utility Reports,
Inc., Arlington, Virginia, Tables 13-7 and 14-5,
1988 (hereafter "Hyman").

2. Energy Information Administration, 00E, Financial
Statistics of Selected Electric Utilities 1985,

00E/EIA-0437(85), Table 6. February 1937. i

Column 3

1. Hyman, Table 28-3.
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dismissed a year after the filing.'gr Supply System.
program of the Washington Public Pp The case was voluntarily

In 1985 the Wabash Valley Power
Association, Inc., a group of 24 electric cooperatives, filed for reorganiza-
tion as a result of partis gation in the canceled Marble Hill nuclear poweri

September 1987.cjndiana.\0
plant project i 1 The case was still in bankruptcy court in

Finally, the Eastern Maine Electric Cooperative filed under
Chapter 11 in August 1987 as a rgit of its involvement in construction of theSeabrook nuclear power stations.

A complicating factor in evaluating the volatility of financial health is
that the future financial health of a utility can be significantly impacted by
construction of a nuclear plant. The impact can be especially great for rela-
tively small utilities where the investment in the nuclear power plant will
represent a substantial portion of the utilities' assets. A noteworthy example
is Public Service Co. of New Hampshire, whose pretax gross plant investment
theSeabrooknuclearpowerstationsrepresent70%ofthecompany'sassets.sjne

Moreover, there is empirical evidence that utilities with nuclear power plants
have overall lower bopp) ratings and have market to book value ratios less thannonnuclear utilities.\

It is difficult to draw firm conclusions about the impact of financial '

health volatility on the desirability of financial qualifications review. As
an industry, the financial health of investor-owned electric utilities has
generally been declining. Bankruptcies remain, however, a very rare event in
the utility industry,

i

,

(a) E. D. Flashen and M. J. Reilly, "Bankruptcy Analysis of a Financially |Troubled Electric Utility," 22 Houston Law Review 965, July 1985.
|(b) Ibid.
3

(c) The Wall Street Journal, September 1,1987, p. 8, col . 3.
(d) Ibid.
(e) lierrill Lynch Capital Markets, New York, N.Y., "Electric Utility Nuclear

Construction," p. 9, May 1987. Other 100s listed in the report with 50%
or more of their assets invested (pretax) in nuclear power plants that
have yet to receive an OL are Illinois Power (67%), Long Island Lighting
(66%), El Paso Electric (62%), Toledo Edison (55%), Central Power & Light I

(54%) and Gulf States Utilities (50%).
(f) R. J. Nesse, The _Effect of Nuclear CNnership on Utility Bond Ratings and

Yields, PNL-4175, February 1982. Joseph P. Tomain, Nuclear Power Trans-
formation, Indiana University Press, pp. 86, 87, 1987.
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4.0 MEASURES OF FINANCIAL HEALTH AND SAFETY PERFORMANCE

This section discusses the measures of financial health and safety per-
formance used for this study. Financial measures are discussed in Sec-
tion 4.1. Safety measures are discussed in Section 4.2.

4.1 MEASURES OF FINANCIAL HEALTH

The measures of utility financial health of interest for this study are
measures of long tern solvency. As noted in Section 3, the period of time
between NRC's decision on whether to issue a CP and final shutdown of a nuclear
power plant can be on the order of fifty years. No measure of financial sol-
vency is reliable for that lengthy period. Consequently, the best available
measures that indicate long term solvency are needed. For this analysis five
measures are utilized:

o rating on senior long term bonds

interest coverage ratioe

e debt / asset ratio

debt / equity ratioe

e rate of return on equity.
,

The U.S. General Accounting Office (GAO) examined potential measures to

study.{e)the financial health of the electric utility industry in a 1984
indica

a It found that although there is no universally accepted definition
of financial health, to remain financially healthy a firm needs the ability,

to: 1) survive adversity, 2) attract capital, and 3) maintain solvency and'

profitability.

; GA0 identified and examined the following 17 financial measures that are '

used by the inves'. ment community and others to analyze the financial health of
investor-owned electric utilities:

* rate of return on common equity

e market to book value ~ ratio

e bond ratings

interest coverage ratioe'

1

(a) U.S. General Accounting Office, Analysis of the Financial Health of the
Electric Utility Industry, GA0/RCED-84-22, June ll, 1984.

4.1
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e debt to equity ratio

e internal generation of funds

e load factor

dividend as a percentage of book valuee

rate of return on not plant investmente

e allowance for fund. used as a percentage of income

i
e effective tax rate

e price earnings ratio :

capital expenditures as a percentage of total capitale
,

construction work in progress as a percentage of net plant in servicee

capital employed per kilowatt houre

production cost per kilowatt houre

e dividend payout.,

'
For its study GAO wanted financial measures that reflected both current

and long term prospects for a utility and that were broad and comprehensive in'

nature. It selected the first three measures from the preceding list as best
meeting these criteria.

Bernstein states that earnings and ear.iing power are a gg the most impor-
' He also notes ;tant and reliable measures of long term financial strength.<

! that the higher the proportion of a firm's debt, the larger the fixed charges
of interest and debt repayment, and consequently the greater the likelihood of.

insolvency during long periods of declining earnings or other adversities.
Bernstein suggests the following fiqancial measures for the analysis of a
firm's long term solvency:

'

o ratios of short term, long term, and total debt to total equity
capital

e ratio of earnings to fixed charges
,

e ratio of funds provided by operations plus fixed changes to fixed
charges

i

. (a) L. A. Bernstein, Analysis of Financial Statements, Dow Jones-Irwin,
Homewood, Illinois, Ch. 5, 1984 (hereafter "Bernstein").

4.2
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ratio of working capital provided by operations to total debt ande
preferred stock.

Clearly there are a variety of financial indicators that could be used as
measures of long tem financial health. The five measures noted at the begin-
ning of Section 4 were selected because they appear to provide broad and com-
prehensive coverage, because data to compute the measures were available, and
because they are supported by the financial literature. A brief description of
each measure follows.

Bond Ratings

E mi ratings for the utilities used in the analysis were generated by
Moody's Investors Service Inc. as reported in the Moody's Public Utility
Manual. Ratings used are for the bonds with the most senior position (i .e.,
first priority on assets) in the debt hierarchy of the utility. Hoody's rates
bonds from C to Aaa where Aaa is the highest investment quality,

in preparing ratings,'we convertad these ratings to a numerical scale
according to the following schedule:

"

Numerical Value Moody's Rating

9 Aaa

8 Aa

7 A

6 Baa

5 Ba

4 B

3 Caa

; 2 Ca

1 C

I

Moody's uses both historical financial statistics and its own appraisal of
the long-tem risks f acing a firni. Among the specific factors considered in
setting a rating are the extent of the issuing firm's ssset protection, the

i

firm's financial resources, earnin power, management,
; industry, and specific provisions nthedebtsecurity.{hgnatureofthe;

;

(a) Bernstein, p. 186.
|

'

~
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Interest Coverage Ratio

The interest coverage ratio usea in this report is defined as:

total operating income before taxes
total interest expenses

!

The source of the financial information to compute this ratio for each utility
was a custom set of annual financial statement data prepared for PNL by
Standard & Poor's Compustat Services, Inc. based in Englewood, Colorado. This

idata set was also used to cornute the values for the remaining three financial
measures listed below.

Debt / Asset Ratio

The debt / asset ratio was computed according to following formula:
t.,

Total Long-Term Debt
Total Net Utility Plant Assets e

,

j Net utility plant reflects historical cost less accumulated depreciation. .

[4

;

i -Debt / Equity Ratio
I
j The debt / equity ratio was computed as: ,

.

_ Total Long_ Term Debt
Total Commen Equity

'
Rate of Return on Equity

l

This ratio was computed as:
r

Total Operatins Income
Total Comon Equity

:

1

4.2 MEASURES OF SAFETY PERFORMANCE |

d A fundamental objective cf the NRC is to ensure that nuclear power plants
1 are constructed and operate 1 in a manner consistent with the pubife health and
) safety. The relative safety performance of particular power plants is diffi-

cult to capture, particularly in the absence of a significant safety related
1
i

4.4
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event. Nevertheless, there are a number of possible measures that can be used
to capture safety performance. These measures include:

results from the Systematic Assessment of Licensee Performance (SALP)o
program

civil penalties assessed by NRC for safety violationso

licensee event reports (LERs)e

safety violations recorded in the 766 file ,e

results from the NRC performance indicator programe

e construction deficiency reports.

A description of each of the preceding possible safety measures follows.

4.2.1 Systematic Assessment of Licensee Performance

NRC initiated the SALP program in 1979 following the accident at Three
Mile Island Nuclear Station Unit in. 2 as a formal, in-depth evaluation of

'

licensee performance. The program was developed to aid in the identification
of those licensees that were more 11bly than others to have safety problems
and to provide a rational basis for allocation of inspection resources. SALP
reviews are performed by the NRC region 01 offices every 12 to 18 months on
average and scores are assigned to indivicual plants in a number of areas. For
operating plants, secres are assigned for plant operations, radiological con-
trols, maintenance, surveillance, emergenc/ rreparedness, fire protection,
security, outages, quality programs and administrative controls affecting
quality, licensing activities, and training ano qtalification effectiveness.
For plants under construction scores are assigned for soils and foundations;,

containment, safety-related structures, and major steel supports; piping
systems and supports; safety-related components; at,xiliary systems; electrical
equipment and cables; instrumentation; design-enginecting; quality assurance
and administrative controls affecting quality; and licensing activities. Fora

this report we have focused on SALP scores for operatirq plants.
|

The SALP scores are intended to represent the best a;sessment that the NRC
staff can make of overall safety performance of each plant in each of the func-

| t'onal areas. Plants are either scored as 1 (hign level of nerformance - can j
have reduced NRC oversight), 2 (satisfactory - normal oversight required), or

,

3) (minimally acceptable level - requires increased NRC attent!on). Most

! scores are 2, which signifies satisf actory performance. SALP seres are
4 recorded in the NRC document Historical Data Summary of the Systeatic i

Assessment of Licensee Performance, NUREG-1214, which is updated saniannually.4

The SALP process involves a review of the previous year's LERs, inspection !
t reports, enforcement history, and licensing issues. Also important are the

evaluations by NRC's resident and region-based inspectors, licensing prkiect
managers, and senior regional managers, all of whom are to some degree familiar

4.5 !
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with the plant's performance.(a) The performance rating p ovides an inte-
grated, comprehensive assessment as to how the licensee s management directs,
guides, and provides resources for the assurance of safety. It is thus the
nost comprehensive of the measures of safety performance examined in this
study.

For purposes of this study, the SALP evaluations have the limitation that
there is no overall plant score. We consequently elected to use two summary
measures: the average score for all 11 functional areas for operating plants,
and the average score for four of the most important functional areas (plant
operations, maintenance, surveillance, and quality programs and administrative
controls affecting quality).

4.2.2 Civil Penalties Data Set

One of the enforcement actions sometimes taken by the NRC against util-
ities that violate regulatory requirements is to issue monetary penalties.
These civ'l penalties may be imposed for violations of: 1) certain sprific
licensing provisions of the Atomic Energy Act or supplementary NRC rules or
orders, 2) any requirement for which a license may be revoked, or 3) reporting

ties are closely related to the more severe violation; in the 766 file (penal-
requirements under section 206 of the Energy Reorganization Act. Civil

see
Section 4.2.4). Violations of regulatory requirements are classified by NRC
into five levels of severity with 1,being most severe and V least severe.
Generally, civil penalties are imposed for Severity Level I violations and for
Severity Level 11 violations if there are no mitigating circumstances. They
are considered for severity Level !!! violations and may be imposed for
Level IV violations that are similar to previous violations for which effective
corrective action was not taken. The size of the civil penalty is also scaled
to the gravity of the incident; thus, recommended fines data have an advantage
over the 766 file in that the data emphasize violations that the NRC considers
to be important. Finally, the general context of the incident is included in
the fines data since the NRC has the option of increasing or decreasing the
base amount of the civil penalty up to a maximum of $100,000 per day for prompt
or lax reporting (plus or minus 50%), for prompt or minimally acceptable cor-
rective action (plus or minus 50%), for prior performance in the arca of con-
corn (plus or minus 100%), or for multiple occurrences (up to plus 50%).

NRC's general statement of policy and procedure for enforcement actions
appears in Appendix C to 10 CFR Part 2. The statement was approved by the Com-
mission on September 4, 1980 at which time the Commission directed the staff to
inplement the policy as interim gu The policy was published in the
FederalRegisterondarch9,1982.gnce.The policy has subsequently been amended
several times. A sumary of enforcement actions, including information on
monetary penalties, is contained in the quarterly NRC publication Enforcement
Actions: Significant Actions Resolved. NUREG-0940.

(a) NRC 1986, p. 115.
(b) 47 Federal Register 9987.
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4.2.3 Licensee Event Reports

The licensee event report (LER) system is covered by regulations at
10 CFR 50.73. The system applies to holders of nuclear power plant operating
licenses. Licensees are to submit an LER within 30 days for all reportable
events listed at 10 CFR 50.73(a) In addition, the technical specifications for
each nuclear plant include a section on reporting requirements detailing the
types of operational and environmental events that must be reported by the
licensee to the NRC. Reporting requirements therefore can vary significantly
from plant to plant. For this reason, it is generally recommended by the NRC r

that the counts of LERs not be used in their raw form for comparisons of the
operating records of individual plants and utilities. The situation has

provided by NRC.g, when additional clarification of reporting rules was
improved since I

The raw LER reports were summarized during t, a yars 1973 through 1982,
first by the AEC, and later by the NRC and the Oak Ridge National Laooratory in
an annual report called Nuclear Power Plant Operating Experience. We also
obtained counts of LERs for all operating plants for the period from 1980 to
1987 from the Sequence Coding and Search System (SCSS), a computerized storage
and retrieval system for LER data maintained under contract to the NRC by the
Nuclear Operations Analysis Center at Oak Ridge, Tennessee. The coverage of
the LERs is quite comprehensive, including reports of incidents or events that
involve system, component, or structural failure; malfunctions; personnel
errors; design deficiencies; management deficiencies; and other matters related
to plant operational safety. The information contained in the LERs conveys ;

primarily negative aspects of plant operations, such as shutdowns required by
the plant's technical specifications, actuations of safety features, and pro-
cedural errors and inadequacies. A large number of reported events of une type
(indeed, most events reported) may not be significant in terms of safety,
whereas a single event of another type may be much more important in its safety,

implications. In the absence of some kind of weighting or' categorization
according to safety significance, LER counts are at best a crude iridicator of'

safety performance.*

'

4.2.4 Office of Inspection and Enforcement Reports (766 FILE)

The NRC generates a file on overy safety violation found by NRC safety
inspectors. Violations are recorded on forms 766 and 766A. These forms are an
internal NRC management tool designed to capture, maintain. and report statis- ,

tical and planning data concerning each inspection, investigation, or inquiry '

at licensees' places of business. Among other data, each fo'n has recorded on
I,

it the NRC docket number that uniquely identifies the facility of interest (in'

the current study, the individual reactor unit), the procedure being examined
at the facility, the number of staff hours devoted to the investigation,
inspection, or inquiry, and the severity of the fault found in the examined

.!

(a) NRC, Annual Report, NUREG-1145 Vol. 2, p. 61. June 1986.
.

4.7
1

1

_ _ _ _ _ _ _ _ __._._____ _____ _ _ _ _ _ ._.__ _ _____________ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _



procedure. Each deviation from correct procedures that has a severity level
assigned to it is also assigned to an activity area such as reactor operations,
facility construction, safeguard, etc.

There were significant limitations to using the 766 file data in the pre- .

sent study. The first and perhaps most important is that the severity level
coding scheme has changed significantly over time, making comparability between
codes assigned in early years difficult to compare with those assigned later.
For example, in 1979 the previous system of assigning a severity of 1, 2, 3, or
D (deviation) was changed to a system in which severity was rated 1, 2, 3, 4,
5, 6, or D. In addition the frequency of inspections increased. The system
was changed again in 1984 to a 1, 2, 3, 4, 5, or D system.

The other major limitation of the 766 file data is that, although the
system dates from the early 1970s, resident inspectors were assigned to nuclear
poser plants beginning in the 1977-1978 time period. This institutional change
probably affected both the number of reports fil6J and the type of severity
codes assigned.

Although data are theoretically available from the 766 file back to 1975,
the data are sufficiently detailed and extensive that it would be very costly
in tems of time and computer resources to sort these data so that they could
be used in this study. We elected not to sort the 1975-1980 data, because the
effort and cost did not appear commensurate with the value of data, given the
availability of alternative safety measures.

4.2.5 Perfomance Indicator Program

The Perfomance Indicator Program emerged from a long-standing NRC effort
to characterize trends in performance at nuclear power plants. The NRC
Interoffice Task Group on Perfomance Indicators in a 1986 policy issue paper
(SECY-86-144) identified a number of NRC staff groups that had been monitoring
various perfomance indicators (PIs) for some time and to varying degrees. For

,

example, some of the regional offices had used indicators such as reactor
trips, engineered safety feature actuations, entry into limiting conditions for
operations, and unplanned exposures and radioactive releases as support for
arriving at $ ALP evaluation scores. From this review of Pls, a series of steps i

was identified in the paper for a systematic development process. The objec- i

tive of the process was to develop a set of validated Pts that would correlate |
well with SALP evaluations and nuclohr safety and regulatory perfomance and
that would be available on a nore frequent basis than SALP evaluations. To
integrate the Pts into a system, the task group developed a logic model out-
lining the relationship of the Pts to safety. An initial set of 17 indicators

| was eventually pruned down to the current set of 7 indicators. This set ,

includes automatic scrams while the plant is critical, safety system actua- |tions "significant events," safety system failures, forced outage rate, '

i

j
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equipment gced outages per 1000 critical hours, and collective radiationexposures. For this study, data were available on the 7 Pls from 1984
through the second quarter of 1987.

There are several features of the Pls that limit their usefulness for this
study. For example, the indicators as a group provide an excellent appraisal
of individual plant safety performance in several dimensions; however, there is
no over-all safety performance score for the plant. This problem could be
alleviated to some degree in the following ways: 1) relate each P1 separately
to the financial data; 2) relate an average score to the data on financial per-'

formance; and 3) relate the P1 most closely associated with overall sal.P score
with the relevant financial data.

A second limitation of the PI data for this study is that the available
time series extend back in time only to 1984. This means that there is no
performance indicator history for either the construction period or early
operating period for the majority of today's nuclear power plants.

4.2.6 Construction Deficiency Reports [50.55(e) Reports]

Reports on construction deficiencies found at nuclear power plants that
are under gonstruction are to be submitted to the NRC by CP holders within
30 days.gbi Potentially this is a very useful source of information on the
safety-related performance of CP holders during nuclear power plant construc-

April 1984.tc)55(e) reports are available in a computer data base beginning intion. The 50
Prior to that date, it is theoretically possible to retrieve a

count of 50.55(e) reports filed for each reactor in each year, but it is quite
difficult to do so since it is necessary for the NRC Document Control System
contractor to query the document control system computer to check every record

all the records allocated to each facility.guclear facility, then accumulate
in the system and allocate it to the correc

Because of the time and cost
involved, and because only the most recently constructed plants are on the
computer system, we chose not to obtain this data base.y

J

'
,

4

!

I-

; a) NRC 19ES, pp. 140-141.
b) 10 CFR 50.55(e).
c) Personal communication with Ms. Susan Pagan Techna Associates (NRC ;

'

document control system contractor), September 29, 1987. |
(d) See E. G. Silver, The Data Base User's Manual, NUREG/CR-4011,

1 September 1984. ]
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5.0 EMPIRICAL ANALYSIS

In this section, data on utility financial qualifications at the time of
the CP and on subsequent plant safety performance are statistically examined to '

determine whether there is empirical evidence of a relationship between finan-
cial qualifications at the CP stage and safety. If a relationship is found, i

this will lend support to the argument that NRC should continue to review
financial qualifications of CP applicants. If on the other hand there is no
evidence of a relationship, the need for continued review of financial quali-
fications at the CP stage could be questioned. It should be stressed at the
outset, however, that the empirical evidence is only one of a number of factors*

to be considered in assessing whether to continue financial qualifications
reviews.

The analysis consists of three major steps: ,

1. Exploratory analysis of the financial qualifications data

2. Exploratory analysis of the safety performance data ;

3. Examination of the relationship between financial qualifications and
safety.

To facilitate understanding of the empirical analysis and its implications. .'
extensive use is made of graphical methods. The analysis yas performed using
the S language and system for interactive data analysis, tai which has special- :

'

ized graphical analysis capabilities suitable for this study, as well as a wide
|range of statistical capabilities, e.g., regression analysis, analysis of vari-

ance, clustering, and multivariate analysis.

Section 5.1 characterizes the population of utilities and plants that are
included in the analysis. Section 5.2 presents the financial qualifications

| data and describes their behavior across time; the interrelationships among the |
i

various measures of financial qualifications are also discussed. Section 5.3
presents the safety performance data. Section 5.4 examines the relationships 1

'

between financial qualifications and safety. Findings and conclusions from the
empirical analysis are sumarized in Section 5.5.

!

5.1 UTILITIES AND PLANTS USED FOR ANALYSIS

We elected to focus our analysis on 100 owners of nuclear power plants i

i

with an OL. The utilities, associated plants, and the date the CP was issued:

for each plant are shcun in Table 5.1. F?r plants with multiple owners, the
Owner with the largest percentage interest in the plant at the time of CP

t

application is assumed for this analysis to be the plant owner.

(a) R. A. Becker and J. M. Chambers, S: A Language and System for Data
Bell Laboratories, Murray Hill, New Jersey, 1981. ;

,

Analysi3
.
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TABLE 5.1. Utihties and Plants U$ed in the Analy$is

Date

Plant CP issuedLead Appilcant
Joseph M. Farley Nuclear Power Plant Unit 1 8n2

Alabama Power Joseph W. Farley Nuclear Plant Unit 2 Sn2

Arltona Public Service Palo Verde Nucl ar Generating Station Unit t $/76
Palo Verde Nuclear Genersting station Unit 2 Sn6
Palo Verde Nucleer Generatleg $Yetion Unit 3 $n6

Arkansas Power & Light Arkansas Nuclear One Unit 1 12/68
Arkanses Nuclear One Unit 2 12/72

,

Baltimore Gas & Electric Calvert Cliffs Nuclear Power Plant Unit 1 7/69
Calvert Cllffs Nuclear Power Plant Unit 2 7/69

8/63
|_ Boston Edison Pilgelm $tation Unit 1

I Carolina Power & Light Brunsulck Steam Electric Plant Unit 1 2/70
Brunselck Steen Electric Plant Unit 2 2n0
H. B. Robinson $tese Plant Unit 2 4/67

Cleveland Electric illuelnating Davis Besse Nuclear Power Station Unit 1 3nt
Perry Nuclear Power Plant Unit t 9n4

i
Consumes Pcwor Big Rock Point Nuclear Plant S/60

Pallsades 3/67 ,

i

Commonwealth Edison Byron Station Unit i 12H S

Dresden Nuclear Power Station Unit 2 1/66
Dresden Nuclear Power Station Unit 3 10/66
LaSalle County Nuclear Station Unit 1 9/73
LaSalle County Nuclear Station Unit 2 9n)
Ouad-Cities Station Unit 1 2/67'

Qued-Cities Station Unit 2 7/67'

Zion $tetton Unit 1 12/68
Zion station Unit 2 12/68.

j

Connecticut Light & Power Mllistone Nuclear Power Station Unit i S/66
Mtilstoie Nuclear Power $tation Unit 2 12n0
Millstone Nuclear Power $tation Unit 3 8nd

Consolldated Edison indlen Point $tation Unit 2 10/66 7

; Detroit Edison Enrico Forel Atomic Power Plant Unit 2 9M2

Virginia Electric & Power North Anna Power $tation Unit 1 2nl |

(Ocntnton Resources) North Anna Power Station Unit 2 2nl
Surry Power Station Unit 1 6/68 [g

d

Surry Power station Unit 2 6/68

Duke Power Catawba Nvelear $tation Unit I $n$s

Oconee Maclear station Unit ! II/67
i
| Oconee Nuclear $tation Unit 2 11/67

Oconee Nuclear Station Unit 3 11/67
william B. McGuire Nuclear $tation Unit 1 2n3
Willian B. McGuire Nuclear Station Unit 2 2n3

a

Ouquesne Light Beaver Valley Power Station Unit 1 6n0
;

Florida Power & Light St. Lucle Unit 1 7H0
J St. Lucle Unit 2 Sn?
i Turkey Point Station Unit 3 4/67

Turkey Point $tation Unit 4 4/67

l
;
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TABLE 5.1. (Contd)

est.

Plant O' IssuedLead Apallcent
_

Florida Power Crystal River NaSt Unit 3 9/68

Edele 1. Hat $ N@lsof Plant Unif ! 9/69
Georgia Power

Edvlt 1. Hakch huctaar Ptaht Unit 1 12/72

River Bond Station ikilt i 3n7
Gulf States Utilst !s

1

lilinois Powei Cl''tu r . lear P, ar 5tstloa O.3? i 2/76

Indiana & Michigan Power Donald C. Co,k lent Unitt i 3/69
Oonald C. Cos's Plant Unit 2 3/69

lova Electric Light & Power Quane Arnold Energy renter Unit I 6MO

I
Jersey Central Power & Light Oyster Creek ''wled, Pe=er Flont 12/64

5/77
Kansas Gas & Licht Wolf Cr'eek

Long Island Lighting $horehen Nucinar Power Station en)
,

d Loulslana Power & Light waterford $tema Electric station Unit 3 11/74

Metropolitan Edison Three Mlle island Welear Station Unit i 5/68 ;

i Middle South Utilities Grand Gutt Nuclear $tation Unit t 9#4

Niagara t hawk Power Nine Mlle Point Nuclear Station Unit 1 4/65 |
-

|

Northern States Power Monticello Nuclear Generating Plant 6/67
'

Pralrle Isl. Nuclear Generating Plant Unit 1 6/68 [

Pralrle Isl. Nucicar Generating Plant Unit 2 6/68
j

I
Chlo Edison Beaver Valley Power $tation Unit 2 S/74

, '

I Pacific Gas & Electric Olablo Canyon Nuclear Power Plant Unit 1 4/68

l
Diablo Canyon Nuclear Power Plant Unit 2 120 0

|
\

4 Pennsylvania Power & Light Susquehanna Steen Electric Station Unit I lin3 i
'

$Usquehanna $ teen Electric $tation Unit 2 lin3
i !

)

Philadelphia Electric Llwierick Generating $tation Unit t 6/74 ;
d

Peach Bottcen Atomic Power Station Unit 2 1/68 ;

;
Pesah Botten Atoele Power $tation Unl+ 3 1/68

1

f Portland General Electric Trojan Weiear Plant 2nl

Public Service Co of Colorado Ft. St. Vrain Nuclear Generating Station 9/68

Public Service Electric & Gas Hope Crook Generating $tation Unit I lin4 ,

Salen Nuclear Generating Station Unit 1 9/68 I

j $alen Nuclear Generating $tation Unit 2 9/68 ;
'

i Rochester Gas & Electric R. E. Glena Nuclear Power Plant Unit t 4/66

South Carolina Electric & Gas Virgil C. Su w r Wclear $tation Unit 1 303

[ southern Californie Edison San Onofre Nuclear Generating Station Unit 1 3/64
San Onofre Nuclear Generating Station Unit 2 10n3

| $an Onofre Nuclear Generating Station Unit 3 10n3
4

i i

!
t

!
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J
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TABLE 5.1. (contd)

oate
lead Apolleant Plant CP issued

'inton Electric callaway Plant No. 1 4/76

Wisconsin Electric Power Point Beach Nuclear Plant Unit 1 7/67
Point Beach Nuclear Plant Unit 2 7/68

Wisconsin Pubtle service Kewaunee Nuclear Power Plant Unit 1 8/68

sources: 1 b.s. Department of Energy U.s. Central station Nuclear Electric Generating
Units: Slonif icant Milestones, uut/nt-vu>v/ u, may avaa.

2 R. 5. wood, own9fb of Nuclear Power Plants, NUREG-o327 Rev. 4. August 1987

Plants where the majority owner at the time of CP application was a pub-
licly owned utility (POV) were not used for several rearons. First, our source
for financial data, Standard & Poor's Compustat Services, Inc., had no informa-
tion for POVs other than the Tennessee Valley Authority. Second, the financial
measures are not identical for POVs. For example, POUs have no rate of return
on equity. Finally, it was felt that a satisfactory indication of the possible
relationship between financial qualification at the time of CP application and
subsequent plant safety performance could be obtained from the IOU data set.
IOU owned plants with a CP but without an OL were also excluded from the
analysis.

5.2 FINANCIAL QUAllFICAT10 tis DATA

Five alternative measures of the financial health of utilities were intro-
duced in Section 4.1. The five measures, which were selected from a larger set
of candidate measures, were 1) bond ratings (i.e., the ratings on a utility's
most senior long-term bonds); 2) interest coverage ratio, which is essentially
the ratio of before-tax income to interest charges; 3) debt / asset ratio;
4) debt / equity ratio; and 5) rate of return on equity. The five measures
reflect several diverse aspects of a utility's financial condition. Taken i

together, they represent a broad and comprehensive set of measures that are i

supported by the financial analysis literature and for which adequate data were j
available for this study. Many alternative measures of financial health could

Ialso be used; however, it is unlikely that the results of the study would be
substantially different if other measures were used (see Section 5.2.6). f

!

5.2.1 Rond Ratino !

For the utilities in this stu'.iy, the bond ratings at the time of the CP !
ranged from Aaa to Ra, based on Mcody's rating system. The great majority of

'ratings were A or better. The lowest bond ratings at the CP stage were for
Palo Verde 1, 2, and 3 (Arizona Public Service had a bond rating of Baa in
1976, when the CP was issued) and Trojan (Portland General Electric had a bond
rating of Baa in 1971 when the CP was issued). The highest bond ratings (Aaa)
were for such utilities as Commonwealth Edison (multiple plants), Duke Power ,

|

5.4
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i

r

;

(at the time of the Oconee cps), Baltimore Gas and Electric (Calvert Cliffs), |
Boston Edison (Pilgrim), and Connecticut Power and Light (Millstone 1). The i

Tennessee Valley Authority, a publicly owned utility, has maintaintd Aaa !
ratings consistently over many years. Bond ratings tend to change infre- |

quently, but on average, utility bond ratings have been trending downward )

slightly over time. Commonwealth Edison's bond ratings, for example, were Aaa 1

in 1975 when cps were issued for Byron and Braidwood; by 1980, the ratings had :

declined to A. As a second example, Duke Power's bonds declined from Aaa in (

l 1967, when the Oconee cps were issued, to A in 1975, when the Catawba cps were [a

issued; Duke's ratings subsequently rose back to Aa in 1983. Many observers ,

;
expect a gradual improvement in utility bond ratings in the years ahead.I

.I
9

5.2.2 Interest Coverage Ratio ,

Interest coverage ratio, defined as the ratio of pretax operating income !

| to interest expense, is a measure of a utility's ability to pay the interest on |

its debt. Large values of the interest coverage ratio signify that interest !

charges are only a small fraction of income--a healthy sign. Small values t'

! signify that a large fraction of income is devoted to interest payments--a sign .(
of financial strain. For the utilities in this study, the interest coverage !d

ratio at the time of the CP ranged from a low of 1.21 (Georgia Power in 1974, |-

when the CP was issued for Vogtle 1) to a high of 7.32 (Comonwealth Edison in '

.

1966, Dresden 2 and 3).

present for the utilities includg}in this study. g
ratio from 1961 to theFigure 5.1 shows the trend in interest cover
The data for each year i

i

are represented by a "box plot." The chart shows that interest coverage j

ratios declined in the late sixties, remained relatively low through the seven- |
;

ties, and are beginning to recover in the eighties. Much of the decline in the (
late sixties and early seventies was occasioned by rising rates of inflation .

; '

and increasing interest rates which drove utility interest charges up. There
was also a large amount of borrowing by utilities over this time period to ,

1

construct new generating capacity, and downward pressure on income due to j

increases in the cost of fuel. |
t |

t

j (a) As noted in Section 4.1, the source of the financial data used in this [

study was Standard & Poor's Compustat Services Inc. !t

i (b) The box plot is a graphical display technique introduced by J. W. Tukey, I

i
in his book Exploratory Data Analysis, Addison-Wesley, 1977. The upper i

and lower quartiles of the data are represented by the top and bottom of I

the rectangular box. The median is represented by a horizontal line some- |

} where in the middle of the rectangular box. The spread of the data is !

represented by the vertical dashed lines extending above and below the !

ends of the rectangular box. The length of the dashed lines is based on a
robust estimator of spread (roughly 1.5 times the interquartile range, ;

' which is the difference between the upper and lower quartiles). Points i

beyond the end of the dashed lines are indicated by'an asterisk, and they (
*are called "outside values." Box plots provide an effective sumary of

the location and spread of the data as well as an indication of any i

extreme values. j

i

5.5 j
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Figure 5.2 shows how the interest coverage ratios of ten individm . util-
ities have varied since the early sixties. The ten utilities were s'. ,ected at
random from the population of utilities included in this study. T*e same down-
ward trend seen in Figure 5.1 is also visible here. However, considerable
variation between utilities can also be seen. Some utilities experienced
sharply rising interest coverage ratios at the same time the industry as a
whole was experiencing falling ratios on average. Conversely, some utilities
continueJ to experience declining ratios in the 1980s while the industry as a
whole was stabilizing or improving. The relative rankings of the ten utilities
also change significantly over time. The important point to draw from Fig-
ure 5.2 is that financial health, as measured by interest coverage ratio, is
highly variable over time for eny given utility. A strong ratio at the time of
a construction permit will not 'cessarily remain strong throughout the con-
struction period. In fact, the .ieed to finance the construction will usually
tend to depress the ratio.

5.2.3 Debt / Asset Ratio

Debt / asset ratio is the ratio of total long term debt to total net utility
plant where net utility plant is the historical (i.e., original cost) value,
adjusted for depreciation, of the utility's generating capacity. Other assets
such as cash or investments in other businesses are not included in the denomi-
nator of tnis rat M.

Figure 5.3 si r.+ the debt / asset ratio between 1961 and 1986 for the util-
ities included in W \ analysis. The values tend to be centered around 0.5,
with most utilities talling between 0.4 and 0.6. A slight upward trend is
apparent in the late sixties to early seventies, followed by a downward trend |

since then. 1.arge amounts of debt were raised to build new plant in the late
'

sixties and seventies, which increased the numerator of the ratio. The con-
struction of new plants in the seventies led to ircreases in the denominator of
the ratio, which tended to drive it back downward. On balance, the ratio has
remained fairly stable; increases in debt tend to be matched roughly by
increases in net utility plant. ,

1

Several of the extreme values are worth noting. In 1984-86, one utility I

had a debt-asset ratio around 0.9, a sign of severe financial strain. The i

utility in question is CMS Energy Corp., a holding company whose principal ;

subsidiary is Consumers Power. The Midland plant, which was canceled in 1984, i

is largely responsible for CMS Energy's high debt / asset ratio. More than I
l

$2 billion in assets became unusable when the plant was canceled. The remain-
der of the plant is being converted to a natural gas cogeneration plant, in a
partnership with Dow Chemical Co. CMS Energy is gradually recovering its :

financial health, as can be seen from the downward trend in its debt / asset i

ratio. |

At the other extreme, Wisconsin Public Service and Wisconsin Power and -

!

Light, which jointly own the Kewaunee plant, have had among the lowest
debt / asset ratios in recent years, around 0.3 to 0.4. It is interesting to

note that Kewaunee is consistently ranked as one of the best plants in the U.S.
in terms of safety performance. One might conjecture that there could be a

5.7
|
|
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relationship between low debt / asset ratio and strong safety performance. How-
ever, upon further examination, this conjecture does not hold up. Other util-
ities with strong debt / asset ratios have plants with widely varying safety
records. Moreover, at the time of the CP in 1968, Wisconsin Public Service had
a debt / asset ratio of 0.49, which was about average at the time; Wisconsin
Power and Light's ratio in 1968 was 0.46.

Figure 5.4 shows time trends in the debt / asset ratio for ten randomly
selected utilities. Wide fluctuations over time in the ratios for individual
utilities are evident. Clearly, a utility's debt / asset ratio at the time of a
CP is not a very reliable predictor, in general, of its debt / asset ratio
several years later.

5.2.4 Debt / Equity Ratio

Debt / equity ratio is defined as the ratio of total long-term debt to total
comon equity. Comon equity is essentially the net worth of comon stock-
holders' investment in the utility. It is composed of the par or stated value
of comon shares issued, any premium on comon stock, other paid in capital,
and retained earnings. Figure 5.5 shows the debt / equity ratios for the +ili-,

ties in this study from 1961 to 1986. Most of the values range from 1 to 2,
with the center of the distribution varying around 1.5. On average, debt /
equity ratios drifted upward in the late sixties and early seventies, as utili-
ties borrowed money for construction. Debt / equity ratios have been moving down
gradually since the mid-seventies.

Figure 5.6 shows trends in the debt / equity ratios of ten utilities selec-
A tin,ted at random from the population of utilities included in this study. 9

the most striking aspect of the graph is the wide fluctuations of the rattas
over time. Both the amount of debt and the value of shareholders' equity can
change significantly from year to year as new debt is issued, old debt is
retired, and retained earnings are added to comon equity. For most utilities,
comon equity tends to increase over time, i.e., the value of shareholders'
investment is appreciating. Long-term debt is more variable. Utilities may
switch between short-term and long-term debt depending on relative interest
rates, causing fluctuations in the numerator of the debt / equity ratio. In any
case, the debt / equity ratio at the time of the CP is not a very reliable
predictor of debt / equity ratto later.

5.2.5 Rate of Return _cn Equity _

Rate of return on equity is a neasure of the return on comon stock-
holders' investment in the utility, it is defined as the ratio of total pretax

operating income to total comon e r dty. The rates of returr, of 10Vs are
typically regulated by state pub * ic atility comissions, although a utility's
actual rate of return is infisenced oy other factors as well, such as general
economic conditions, weather, fuel ct sts, and managemert efficiency.

5.10



s
e
i
t
i

l
i

) 5 t' 8 U
, d

e
t
c
e
l

e'

S
0
8 n1

< e
T
r

_ o
f-

'
s" o. .

a_ - r i
-

5 a t
I

, 7 e aI

'

Y R
%

t
e
s
s

.
: A

3 /

A
y t

b0 ei 7 D
a, n

i,
.

/ se.

. d
n

- _ e
r/+

-

5 T -
1 6= e

a. m-

i

T _

_

_

N 4
.

A_

5- ~ - - - - 0L

6 E
R

0 5 0 5 0 5 0 U
7 6 6 4 4 3 3 G
0 0 0 O 0 0 0 I

F

. b[c < %&_

s_.

r.
-
-

.

u

-

-

- -
-
_

_
-_

.

.

_
_

-
_

-

_
_

- _

A -
_

-

e~g -

h
-

-

_

4

C
_

-
_

, ' , ' , > > |l 1||



|

|

30

.

. . .

25 - * .

|
.

*
e

*
. e e e..

i- ' ' A - -

2.0 - - I . I I . l . 3 8 - . i -- g g go i . . ; i , . . i i -- - .
1 is i i 8 i : : . . i ii i , , ; i ,

i s .8 ' ll ' 8 111 11E i i i i , , a e. 1
' A ^1 |;i i i, , i i. . .

.a e i 1 iw i
_ .i :1 _

- - 2
- - 8 11 8A e .'i11 - T T

- 1-
8

_ 1 l em e g _ 1 1 1 1W - e a T - - f
,

- -
, T T -

-
1

% -
7*

e e T
4 _

_
T T i e s , e

_

,

$ I I i ! 8 I
3 I a T

_

I . t i T T - - -

T T 8 i l l i ' ' 8
8 T

-

j , :JrT |3
e t

- ',* sT , : ; ,a T
tty

:
-

.
- - 8 '8 e s 8 i , ,-; , : : : ,

,I! ! i ito . - . . , i
i i '!! i - 1 3- ! . i i,

' * - , i.
* - I g g

- I . .
.

OS
61 62 63 54 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

Year

FIGURE 5.5. Debt / Equity Ratio Over Time for Utilities Included in the Study



M

#- 5 d' 8 e -
'

d
e

W
n
e
T

1

r
o

~ f

s
o

[ i
t
a

r R5 a
7 e

\ Y y
t
i

u
q
E

- /
t
b- ex' 0 D

1 7 n
, - . i

. s
d
n
e
r
T

g ei

m
i

T

.

6

5

- - - - - - 0 E
g6

2 0 8 . 4 2 0 8.
1 . 1 1 1 O2 2

, a,M a #yw 9abc

-

-

?-
_



. -. _. . ._ . - - . .

,

i i

Figure 5.7 shows the rates of return on equity for the utilities in this i

study from 1961 to 1986. Most of the values are in the range of 15% to 25%.
During the sixties, a slight upward trend is apparent, followed by slumps in
the early and late seventies. The trend in the eighties has been upward, Indi-
cating improving financial performance on the average. ;

|
One striking feature in Figure 5.7 is the increasing spread in the distri-

bution of rates of return. The spread in the mid-eighties is much larger than
in the sixties and seventies. This means that investments in utilities have -

become increasingly risky in recent years. This is attributable in part to
changes in regulation of utilities. The entire utility industry and its regu-"

latory framework are in a period of significant change. Increasing financial
,

risk is one aspect of this change.

Figure 5.8 shows trends in rate of return on equity for ten utilities
i chosen at random. Again, considerable fluctuation from year to year is evi-
| dent. The increased risk in the eighties is also apparent. Rate of return at

the CP stage is not a very reliable predictor of rates of return in subsequent'

years.

5.2.6 Relationships Between the Financial Measures
|
! Since all of the financial measures are designed to capture some aspect of
| a utility's financial health, it is reasonable to expect some degree of agree-

ment among them. Utilities that are financially healthy by one measure shouldi

i also tend to be healthy according to the other measures. To test this hypo-
thesis, the relationships among the various measures are examined in this

; "

section.;

Figure 5.9 displays the relationships between each pair of financial mea-
,

sures in 1985. The graphical display in Figure 5.9 is called a "scatterplot
', matrix." Each element in the matrix is a scatterplot of one variable against '

another. The labels on the axes are abbreviations of the financial measures.
For example, in the lower left corner of the matrix, rate of return on equity j
(RRE) is plotted against bond rating (BOND) for each of the utilities in thei

study in 1985. Each data point in the scatterplot represents one utility's '

rate of return on equity and its bond rating. The bond ratings have been con- ;

verted to the numerical scale described in Section 4.1 (Aaa = 9, Aa = 8, A = 7, !2

Baa = 6 Ba = 5, etc.).

If the financial measures are consistent, one would expect to see some
indication of a relationship in the individual scatterplots. As an example,
cmsider the plct of interest coverage ratio (ICR) versus bond ratings using !

1985 financial data (second row, first column in Figure 5.9). It can be seen ,

that utilities with low interest coverage ratios tend have low bond ratings,
; while utilities with high interest coverage ratios tend to have high bond j

i ratings. This is what one would expect since both measures are proxys for i

! financial health, albeit in different ways. |

As a second example, consider the plot of debt / asset ratio (DAR) versus ;
debt / equity ratio (DER) (third row, fourth column of the matrix). The first '

5.14 i
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thing to notice is an outlying point with a very large debt / asset ratio. This
'

utility stands apart from the others. As noted in Section 5.2.3, this large
debt / asset ratio is due to the cancellation of the Midland plant in 1984; the
plant was being built by Consumers Power Company of Michigan. If one ignores
this outlier and concentrates on the remainder of the data, one can observe a ;

,

fairly close relationship between debt / asset ratio and debt / equity ratio.
'

Utilities with large debt / asset ratios tend to have large debt / equity ratios,
while utilities with small debt / asset ratios tend also to have small |

debt / equity ratios. Again, this is to be expected, since the ratios are i
;conceptually related.
'

As a third example, consider the plot of debt / equity ratio versus interest
coverage ratio (fourth row, second column of the raatrix). There are three
utilities with very large interest coverage ratios and low debt / equity ratios;
the three points are in the lower right corner of the plot. These uti'ities
are Wisconsin Electric Power, which owns Point Beach 1 and 2. Wisconsin Public ;

Service, which is joint owner of Kewaunee, and Consolidated Edison of New York, i

which owns Indian Point 2. (Note that these same three outliers can be seen
clearly in each of the plots in the second column of the matrix. At the top of i

the column, for example, it can be seen that each of these utilities also has
',

*

very high bond ratings.) Considering the entire plot, the data generally indi-
cate an inverse relationship between interest coverage ratio and debt / equity

,

| ratio: the higher the interest coverage ratio, the lower the debt / asset
j ratio. Again, such a relationship is to be expected if the financial measures

are valid indicators of financial health.

Taken as a whole, the relationships that are apparent in the scatterplot
.

4 matrix displayed in Figure 5.9 tend to lend support to the validity of the
financial measures. The measures seem to be in approximate agreement. Each

I measure is capturing some common aspect of financial health. Each is also c

i capturing some unique aspects of each utility's condition, as indicated by the |
j lack of perfect agreement among them; if they were all measuring exactly the
i same thing, they would agree perfectly, and a single measure would be

sufficient.

I

5.3 SAFETY PERFORMANCE DATA :a

j
t

In Section 4.2, a number of alternative measures of plant safety were i
described and their strengths and limitations were summarized. In this sec- '

tion, data on four of the measures are presented.

i 5.3.1 Systematic Assessment Of Licensee Performance
a t

The SALP process provides an in-depth, comprehensive evaluation of licen-i

"

,

see performance in eleven key functional areas including plant operations.
'

| radiological controls, maintenance, surveillance, emergency preparedness, fire
i protection. security, outages, quality programs and associated administrative {

controls, licensing activities, and training / qualifications. A score of 1, 2, ;
'

!
; ;

!

5.18 !;
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or 3 is assigned for each functional area. A score of I designates a high
level of performance. A score of 2 is satisfactory. A score of 3 desig:'ates
minimally acceptable performance.

The SALP program does not provide an overall assessment that integrates
performance across all the functional areas. In the Performance Indicator
Program (SECY 86-317), NRC used an overall summary measure for purposes of
analysis and validation of the performance indicators. It consisted of the
average score across four of the functional areas: operations, maintenance,
surveillance, and quality programs. This summary measure has been used in this
study as one of the safety measures. Some analyses have also considered the
average across all eleven functional areas as a summary SALP score. tai There-
fore, this option has also been explored in this study as one of the safety
measures.

, Figure 5.10 shows SALP scores for plants with Ols averaged over all eleven
j functional areas for the years 1979-1986. Figure 5.11 is the corresponding

^ plot using the average over the four key functional areas of operations,
maintenance, surveillance, and quality programs. The overall impressions
conveyed by the two figures are similar, indicating slight improvement in the
average scores since 1979. However, the data in Figure 5.11 are more variable

,

and the box plots show a wider spread. This result is to be expected. An
average of four numbers will usually be more variable (less stable) than anI

average of eleven numbers. !'

Figure 5.12 shows the time trends in average SALP scores for the four key
functional areas for a randomly chosen subset of the data. Again, only plants
with Ols are included. The variation in scores from year to year is apparent.

Since financial health at the CP stage is a single fixed value, it cannot
possibly account for the variations in safety performance from year to year.
At most, financial health at the time of the CP application could affect long-
term average safety. Therefore relationships between financial health and SALP
scores averaged over the entire period for which data are available (1979-1986)
are examined in Section 5.4.

5.3.2 Licensee Event Reports (LERs).

The number of LERs submitted is a possible measure of safety perform-
ance. Hypothetically, it could be argued plants experiencing a large number of
reportable events may be less safe than those with relatively few such
events. A significant disadvantage of this measure, however, is that not all
reportable events are equally important. Simply counting the number of LERs ;

overlooks this fact. For the sake of simplicity, we limit the presentation '

here to the raw LER counts. As will be seen later, the raw number of LERs is
ia fact related to SALP and to other measures of safety.

I
l

(a) See, for example, Nucleonics Week, Vol. 28, No. 33, August 13, 1987, '

p. 10

l 5.19 !
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i :

|

,

Figure 5.13 is a plot of the nunber of LERs per year for each plant in
Table 5.1 from 1974 to 1986. Several features of the plot should be noted.
First, there is a marked drop in the distribution of LERs in 1984 compared to
prior years. This result is due to a major change in LER reporting require-

|

| ments (10 CFR 50.73) in 1984. This change further limits the usefulness of the ,

LER data for this study. A second feature to note is the wide spread in the -'

data and the fact that the distributions are skewed. In 1985, for example, .

some plants have 3 to 4 times as many LERs as the average (median) plant. The
extreme values of 94 and 102 LERs are for new plants (Palo Verde and Byron). j

This result is not particularly unusual. New plants often have a relatively ;

large number of reportable events in their first years of operation. ;

'

5.3.3 Number of Violations ,

e

NRC's 766 file contains information on safety violations found during NRC
'

inspections. A variety of safety measures can be constructed from these r

data. In this section, the total number of violations is considered as a ;
'

potential safety performance measure. Again, not all violations are equally
significant, and prior work has considered various weighting schemes to take ,

the importance of the violations into acenunt. The datacase used for this |
study containt date for several of these alternatives. For simplicity, how- '

ever, only the unweighted total number of violations is presented here. It !

will be seen below that even this crude measure is clearly related to other
safety measures such as SALP.

t

Figure 5.14 shows the number of safety violations found at each plant in |
Table 5.1 for the years 1977 to 1985. The data prior to 1980 are not as relt- !
able as the data for 1981-1985. In the latter period, the plot snows a gradual !

decline in the average number of violations. Not all plants improved, how- !
ever. The distributions are also quite skeweo, with some plants having 3 to *

4 times as many violations as the average. I

5.3.4 Relationships Among the Safety Measures

Since all of the safety measures are intended to measure some aspect of i
plant safety performance. It is reasonable to expect that the measures are !

related. Plants that score well on one measure should tend to score well on !
'

the others also. In this section, the relationships between the safety mea.
sures are examined.

,

|

| Figure 5.15 is a scatterplot matrix of the four safety measures discussed
| in Sections 5.3.1 through 5.3.3. The data are for calendar year 1985. "SALP4"

denotes the average SALP score across the fodt key functional areas: opera-|

I tions, maintenance, surveillance, and quality programs. "SALP" denotes the
average SALP score across all eleven functional areas. "LER" denotes the
number of LERs. "766" denotes the total number of safety violations, as
determined from the 766 File.

First, consider the scatterplot ?f MLP versus SALP4. As one would
expect, the two measures are closely :' <ated, falling very nearly along a
straight line with a slope of 1. Of the two measures, SALP4 is preferred for

5.23
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I
'

!

!
this study because it is formed from four functional areas that are thcught to j

be most directly related to plant safety. However, because SALP and SALP4 are i

so closely related, either me)sure should give approximately the same results
as the other in any analysis.

I SALP4 is also clearly correlated with the number of LERs and the number of !

i safety violations as recorded in the 766 file, although the relationships exhi ,
bit considerable scatter. The number of violations appears to be somewhat more e

; '

closely related to SALP4 than the number of LERs. The scatter in both rela-
.

tionships reflects the wide variability and the skewness of both the LER t
1

i measure, as shown in Figure 5.13, and the safety violations measure, as shown -

i in Figure 5.14. There also appears to be a relationship between number of LERs
|

| and number of safety violations, although again there is a lot of scatter.

SALP4 is considered to be the best of the measures for purposes of this ;

! analysis. The SALP evaluations are based on an in-depth, comprehensive assess- ;

i ment of plant performance by NRC personnel and they integrate all of the infor- )
mation available to the NRC, including quantitative data as well as technical [

I and management judgments by NRC staff with direct knowledge of the plant. For ;

! this reason, the SALP4 measure is used as the primary safety measure in this i

j report. This choice is consistent with the choices made in prior studies such !
>

I as the NRC Performance Indicator Program.
[;

]

| 5.4 RELATIONSHIP BETWEEN FINANCIAL QUAllFICATIONS AND SAFETY _
1

! The relationships between financial qualifications and safety are com-
i pactly summarized in Figure 5.16. Five financial measures and one safety mea- !

a sure are plotted. The financial measures are: bond ratings (BOND) converted !

j to the numerical scale defined in Section 4.1; interest coverage ratio (ICR); !
!debt / asset ratio (DAR); debt / equity ratio (DER); and rate of return on equity

j (RRE). All of the financial data are for the year in which the construction !
,

j permit was issued. The safety measure ($ ALP 4) is the Inng-term average of the !

SALP scores in the four key functional areas: operations, maintenance. L

surveillance, and quality programs. Each data !

or, in the case of multi-unit sites, one site.gint represents one reactor, j
'

!
t

i
The bottom row of the scatterplot matrix contains the basic results of the

|
analysis. The first plot shows the SALP4 score versus the scaled bond

i i

<

>
I

i

| |

) (a) SALP evaluations are generally conducted for each site rather than separa- |
tely for each reactor. Thus Surry 1 and 2, for example, receive a single |

SALP appraisal. When two reactors at the same site have different owners, ;

i however, such as In ian Point 2 and 3, they receive separate SALP '

i appraisals.

\
'

j 5.27 '
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rating. Superimposed on the plot is a smoothed curve fit to the data.(a) This
line is essentially the estimated average value of SALP as a function of bond
rating. If SALP4 were related to bond rating, one would expect the line to
slant downward from the upper left (poor SALP4, weak bond rating) to the lower
right (gcod SALP4, strong bond rating). In Figure 5.16, the line is nearly
horizontal, indicating the lack of any such relationship. Bond ratings at the
time of the CP do not appear to be associated with subsequent safety

*

performance as measured by SALP4.

The bottom row, second column gives the results for interest coverage
ratio. If the ratio were related to plant safety, one would again expect to
see a line slanting from the upper left (poor SALP4, low interest coverage) to
the lower right (good SALP4, high interest coverage). Once again, the line is
nearly horizontal and there is no indication of a relationship.

In the bottom row, third column is the scatterplot for debt / asset ratio.
Here, the expected line should slant from the lower left to the upper right,
because a high debt / asset ratio is bad, as is a high SALP4 score. The actual
line is nearly horizontal; there is some indication of a nonzero slope, but if
anything the line slants in the wrong directicn. Thus, debt / asset ratio does
not appear to be reasonably related to subsequent safety performance as mea-
sured by SALP4.

The next plot in the bottom row shows SALP4 versus debt / equity ratio.
Since a low debt / equity ratio is an indicator of financial wealth, one would
expect to see a trend from the lower left to the upper right. Despite some of
the expected curvature toward the right of the plot, the overill impression is
flat. Again, no relationship is readily apparent.

The plot of SALP4 versus rate of return on equity is in the fifth column
of the bottom row. Since a high rate of return is good for a utility's
financial health, the expected trend is from the the upper left to the lower
right. The smoothed curve does not show the expected trend. Again, the data
do not support the hypothesis that financial qualifications at the CP stagc are
related to safety.

To provide a more formal test of the possible relationships between the
variables, correla'. ion coefficients were calculated. They are shown in
Table 5.2. None of the correlations of the financial measures with the safety

(a) The smooth curve was obte.ined by a technique known as "lowess," which is
an abbreviation for "locally weighted scatterplot smoothing." Lowess is a
robust, highly flexible, generalized technique for fitting a curve to a
scatterplot. Unlike conventional methods that fit straight lines, quadra-
tics, exponentials, etc., to the data, lowess allows for curves of arbi-
trary shape. A detailed explanation of the method can be found in
J. M. Chambers et al., Graphical Methods for Data Analysis Duxbury Press,
1983. The lowess calculations in this report were performed in S, a
specialized language and system for data analysis.
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TABLE 5.2. Correlation Coefficients for the Scatterplots in Figure 5.16

BOND ICR DAR DER RRE SALP4

BOND 0.54 -0.31 -0.41 -0.25 0.05

1CR -0.24 -0.58 0.01 0.0

DAR 0.60 0.05 -0.17

DER 0.38 0.04

RRE 0.05

SALP4

measure are statistically significant. Thus, the statistical tests reinforce
the conclusions obtained through the graphical analysis in Figure 5.16.

'

In addition to the analyses described above, other analyses were also
performed using additional variables and measures and alternative statistical
approaches. For example, the analyses described above focused on absolute
measures of financial health and plant safety. In a separate series of analy-
ses, relative measures were examined to determine whether measures of a utili-
ty's health relative to other utilities might be better predictors than the
absolute measures. In other analyses, consideration was given to possible

i effects due to plant age / vintage, plant size, type, and different time windows ,

,

for the financial and safety measures. In none of these analyses was a statis- !
'

tically significant relationship found between financial qualifications at the
CP stage and subsequent safety performance. j

5.5 CONCLUSIONS

The potential link between the financial qualifications of the lead ,

utility license applicant at the CP stage and the subsequent safety performance |,

of the operating plant was analyzed empirically in Sections 5.2-5.5. No evi- i

dence of a relationship was found. Several qualifications apply to this con- |
clusion, however. !

i r

First, the safety measures considered in this study are only approximate {I

measures of plant safety performarece following the granting of a CP. The mea- i
'

sures used in this study are the best available within the scope of the work.
However, it is conceivable that some other safety measure could be developed in
the future that might give a different result. This is considered unlikely, I

for reasons discussed below, but the possibility cannot be ruled out. ;

l
Second, the financial measures considered in this study are also approxi. ,

i mate. They were selected based on the available data and are supported by the
j financial analysis literature. Nevertheless it is conceivable, although .

unlikely, that some other financial measure not considered here might show a [
positive relationship between financial qualifications at the CP stage and !

safety.
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J

Third, the population of utilities considered in this study was limited to
those which successfully obtained cps and Ols for their plants. All of the
utilities that have built nuclear plants to date have had relatively strong

4

financial qualifications at the time of the CP application. There were, for
example, no CP applicants with a bond rating lower than Ba (according to
Moody s rating system). The fact that no relationship was found for the utili-
ties in this limited population does not imply that no relationship would exist,

! if utilities with much weaker financial qualifications had received cps and OLs
and were included in the analysis. In other words, if financial qualifications
reviews were eliminated, it is possible that financially weak utilities that
would not qualify under current regulations would begin to construct nuclear
plants, and these utilities might subsequently demonstrate poor safety perform-;

ance during operation. Although this scenario is conceptually possible, it is
not considered likely. A utility with very low bond ratings, for example,
would probably have great difficulty raising the funds to build a $5 billiond

: nuclear power plant.

Fourth, the failure to detect a relationship between financial qualifica-
s tions and safety does not prove conclusively that no relationship exists. It

may simply be that the relationship is obscured by other factors. As the data
denonstrated, both safety performance and financial qualificat, ions are highly

, variable. The variation is due to many factors such as management, training,
.! maintenance, y ag effects, human performance, etc. The effect of financial

qualificatius nay be real, but so small compared to other sources of variation
! that it could out be detected by the statistical approach. Intuitively, this

j seems plausible. With all the factors that can influence plant safety perform-
ance either directly (e.g., maintenance) or indirectly (e.g., management), thed

effect of financial qualifications at one point in time, long before the plant
even begins to operate, is likely to be relatively minor.

;

]
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1

APPENDIX A

|

PREVIOUS ANnLYSES OF THE RELATIONSHIP BETWEEN FINANCIAL |

QUALIFICATIONS AND NUCLEAR POWER PLANT SAFETY PERFORMANCE,

2

i

Two previous empirical analyses examined the relationship between finan- |

cial health of investor-owned nuclear utilities and the safety performance oft

their nuclear power plants. Both studies were performed in 1984 in response to
,

utilities seeking Ols and reinstating such review for CP applicants.getric
NRC's rulemaking that eliminated financial qualification review for

The
,

firrt study was prepared by Nation Economic Research Associates, Inc. (here- ;

after cited as the "NERA" report).gIi

Energy Services (hereafter cited as the "Cygna" report).g prepared by Cygna
The second study

Both studies exam. r

j ined the financial health-operational safety relationship using contemporaneous !
financial and operations data--that is, they attempted to correlate financial !

; health of a utility in a given year with safety performance in that same :

i year. Thus, both analyses have limited applicability in the current case, ,

} since neither focused on whether safety performance was correlated with finan- f

cial health at the CP stage.

; The NERA study discussed the question of financial incentives and counter- ,

incentives involved in operating nuclear power plants. The authors analyzed i
the ratemaking context for electric utilities and concluded that the financial i

incentives do not favor reducing the operating and maintenance expenditures !

associated with nuclear power plants, which might in turn reduct safety per- i
formance. Specifically, they concluded that the financial risks of an extended [
shutdown caused by cutting corners on operations and maintenance far outweigh !
any potential short-term financial gain that might be achieved and that there (

i are far more attractive cost-saving opportunities for utilities that do not '

involve comparable regulatory and financial risks.

I i

i-_

l (a) 49 Federal Register 13044, April 2, 1984. See also Table 2.1. l
l

(b) A. Terber and H. G. Rosen, National Economic Research Associates Palm
) Beach, Florida, An Analysis of the NRC Proposal to Eliminate the Review b
i and Findings of Financial Qualifications of Utility Applicants for I

Licenses to Operate Nuclear Facilities, May 31, 1984. The report was !
submitted as an attachment to a June 1,1984 letter comment by the !

; Washington, D.C. law firm of Shaw, Pittman, Potts, and Trowbridge on the (
) NRC's April 2,1984 proposed rule. The letter and the report are !

I available through the NRC Public Document Room. t

(c) Cygna Energy Services Boston, Massachusetts, Statistical Analysis of ;
:

j Financial Qualifications and Operational Safety for Electric Utilities
_

I1 Operatins Nuclear Power Reactors. August 9,1984. The report was
) submittec as an attachment to an August 10, 1984 letter comment by Shaw, |

~

i Pittman, Potts, and Trowbridge on the April 2,1984 proposed rule. The !

]
letter and the report are available through the NRC Public Document Room.'

: >
i
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HERA also performed a series of regression analyses to examine the rela-
tionship between utility financial health and safety performance. Two firan-
cial measures were used to quantify financial strength: the ratio of cash flow
to construction expenditures, and the interest coverage ratio (the ratio of

ments).gnings before interest payments to total annual interest pay-The higher the cash-flow ratio, the smaller the proportion of itspretax

construction funds the utility must raise from capital markets. The higher the
interest coverage ratio, the more credit-worthy the utility is, considered to be
because it can more easily meet its fixed interest obligations. NERA elected
to use two measures of maintenance expense--nuclear operations and maintenance
expense as a percent of total cost and the growth rate in nuclear operation and

evidence of "corner cutting" on maintenance.gsure could be construed as
maintenance expense. Low values for either

The authors did not find a
statistically significant correlation between financial health (measured either '

way) and operations and maintenance expenditures (measured either way).

The NERA report addressed only contemporaneous financial condition as an -

explanation of safety perfomance and therefore did not discuss whether prior
( financial condition at the OL or CP stage is relevant to subsequent safety

perfomance. This limitation diminishes the report's usefulness for the
present study. However, an additional limitation of the NERA report is that

j the authors measured safety perfomance by looking only at current operation
and maintenance expenditures rather than actual safety perfp ance. A plot of
maintenance cost and average SALP score shown in Figure A.1% suggests that
higher maintenance expenditures are relatively uncorrelated with safety
perfomance.

,

t The Cygna analysis also examined the relationship between the contemporary
financial condition of utilities and their safety perfomance. Cygna utilized i

1

,

different variables than the NERA study to neasure financial health and safety ;

I perfomance. The two measures of financial performance used were the utili- r

ties' adjusted earnings per share of common stock and bond ratings. Earnings
,

per share is a measure of profitability of the utility and therefore in one '

sense a neasure of its financial health. The authors of the Cygna report, ,

adjusted the earnings per share figure by subtracting allowance for funds used
3

during construction, an artificial bookkeeping addition to income that does not
,

reflect actual cash flow to the utility and does not contribute to financial |
j health. The bond ratings were assigned a numerical scale by the authors corre- !

sponding to ratings assigned in Hoody's Public Utilities Manual. I
;

a i

To measure safety performance, the Cygna study authors considered using r
,

both SALP scores and enforcement statistics from the NRC's Inspection and
,

l

Enforcement Program. At the time the Cygna study was performed there was not i

! enough data yet available from the SALP program to permit an evaluation to be |

] nade. Consequently, the authors utilized data on the number of noncompliances i

1 (a) Tb,e interest coverage ratio definition discussed in Sectioa 4 is different
: from the definition used by the NL'A report authors.

(b) The relationship of these two nwasures to plant safety is conjectural.
(c) Nucleonics Week, August 13, 1987, pp. 10-12.
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FIGURE A.I. SALP Score vs. Maintenance Cost for Nuclear Power Plants

per number of inspection man-days spent at a nuclear power plant by NRC
inspectors to measure safety perfomance. The data source used by Cygna con-
tained annual data on noncompliances between 1977 and 1982. The number of
noncompliances per nan-day was designated as the safety "perfomance factor."

Cygna then perforced three analyses. The first was to plot and visually
inspect the data to see if there was any apparent correlation between the two
financial variables and the perfomance factor. None was found. Second, they
perfomed a Kendall rank correlation test to see if utilities having lower
rated bonds had poorer perfomance factors. Rank correlation was used because
the Moody's bond ratings only reflect ordinal ranking (e.g., one cannot say
whether a Moody's rating of Aaa is 10% better than a rating of Aa, only that it
is better.) No correlation was found. Third, the authors tested whether
adjusted earnings per share correlated with their chosen perfomance factor
after first checking to see whether it was statistically legitimate to pool the
data for individual utilities. No statistically significant differences were

A.3
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found among the utilities; nor were any of the correlation coefficients statis-
tically different from zero. Based on these results the authors concluded that
there was no correlation between utility financial health and safety
performance.

Over the six year period covered in the Cygna study, most utilities did
not experience a change in their bond ratings. The vast majority of the bonds |-

carried a rating of Aa, A, or Baa for the whole period studied. Cygna's safety j

performance measure, the number of noncompliances found per inspection man-day, |
varied continuously over the period. The fact that there were a large number !

of tie scores for bond ratings is important, since the Kendall rank correlation
1

statistic reported by Cygna was apparently not adjusted for tie scores. When ,

we corrected the rank correlation statistic in the Cygna report for the year
1977, the rank correlation that year increased from 0.01 to 0.19. This is-

still not statistically significant; howuver, any rank correlation of utility
performance using bond ratings should adjust for tie scores.

In summary, neither the NERA or Cygna studies lead to the expectation that I
Ith: "inancial health of utilities at the CP stage is correlated with the safety

performance of operating nuclear power plants. However, because these studies
focused on financial health and safety performance during the operating period
alone, neither answers the specific question of whether financial health at the
CF stage has any correlation with subsequent safety performance.
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The NRC and its predecessor the AEC have had a regulatory requirement since 1956'

r t utilities seeking a construction permit for a nuclear power plant be financially |
qualified to construct and operate the plant. Several amendments to the requirements
were nade over the years including an attempt in 1982 to drop financial cualification i

review for electric utilities. This attenpt was subsequently found invalid by a federal
court. Nevertheless, financial qualification reviews consume significant annunts of NRC
staff time and time at Atomic Safety and Licensing Board hearings. The analysis [.

reported in this study was conducted to determine whether there is any empirical evidence |
,

of a relationship between a utility's financial health at the time of its construction 1

| permit aoolication and the subsequent safety performance of the operating plant. The l

| principal financial measures used to test for this relationship were bond ratina, l
iinterest coverage ratio, debt / asset ratio, debt / equity ratio, and rate of return on'

equi ty. The principal safety measure was the long-term avertge of the scores assigned j
the utility in (nur key areas by the NRC under the Systematic Assessment of Licensee |

Performance program. The results of the analysis showed no evidence of a relationship I

between financial health at the time of the construction permit and subsequent safetv
; performance.
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