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ABSTRACT

Regulation of the ':.S. Nuclesr VA'-:T
industry has been extensive during the ;97O's.
Key to this situation has been the evolution
in the "Interpretation" of the vales, rr;1"-
lations and consensus standards which have bdun
incorporated into NRC guidance documents by
reference or endorsement. The resulting
increase in the nuaber and complexity of I.WR
construction requirements has significantly
increased the labor content of an LWR construc-
tion project. The authors believe that-
existing nuclear related consensus standards
should be reviewed with the objective of
modifying the standards to improve the effi-
ciency and productivity of engineering, craft,
and non-manual personnel.

INTRODUCTION

tandards are developed in the United State.?
by the Federal, State and Local governments and
by voluntary organizations interested in a par-
ticular area of commerce, aanu£acturir:£ or
technology. The vast majority of U.S. standards
are developed by the voluntary organizations
on a consensus basis using a procedure or
process prescribed by each organization as part
of its bylaws. The use and application of
consensus standards, however, is normally
under the discretion of the people invoking
and applying them. Thus for example an eng-
ineer may choose to use, not use or use only
in part a voluntary consensus standard in
tailoring it to the particular application
with which he is dealing. Such an approach
facilitates optimal economics and encourages
innovation.

At times, the government agencies have
mandated the use of a given standard by
incorporating it by reference into the law
governing the specific item or activity at
issue. When this occurs, the voluntary
consensus standard takes on the force of law
and is usually referred to as a "code". The
best known of such "codes" is the American

Society of Mechanical Engineer's (ASME)
Boiler and Pressure Vessel (BPV) Code which
IF invoked by br.th Federal and State gover-
nments. When this occurs the person in the
industry involved has no discretion in terms
o^ invoking or modifying the standard with
respect to a given application. All variations
must be submitted through a formalised process
to the organization writing the "code" and be
approved prior to implementation. Such an
approach is used to insure the safety of the
general public by insuring that everyone in
"he community uses the accepted and proven
practices of the "code" for the item or
activity.

U.S. LWR REGULATORY ENVIRONMENT

Government agencies have extensive
control over the nuclear power plant construc-
tion environment in the United States through
their power to grant or withdraw a license.
The situation can be simply stated - - - "No
compliance, no license." The activities of a
regulatory agency is controlled by the author-
ities and the responsibilities delegated to
the agency by the legislation which created
it. In many cases the authorizing legislation
is vague about the criteria to be used during
the regulatory process. As a result, the
regulatory agency often has broad discretion
to specify what is required in order to
obtain the necessary license.

The network of organizations associated
with the development of requirements involved
in the design and construction of a nuclear
power plant in the U.S. is extensive and
complex. Figure 1 depicts some of the organ-
izations and their relationships in the
process. The organizations shown in this
figure can^be divided into three groups: 1)
government agencies, 2) intervenors and 3)
consensus standards organizations. The
government organizations establish the re-
quirements associated with obtaining the
required licenses. The impact of the intervenor
and consensus standards organizations is

314



FIGURE 1 ORGANIZATIONS CONTRIBUTING TO THE
U.S. NUCLEAR REGULATORY ENVIRONMENT



usually manifested through the government
organizations in the form of additional
mandatory requirements. In addivion, the
utility building a nuclear plant may agree to
accept specific items as requirements as a
result of direct negotiation with an intervenor
group or because of its participation in a
consensus standards organization. Nonetheless,
the predominant number of requirements governing
the design and construction of a U.S. LVR are
associated with federal, state and local
agencies.

The Federal agencies and particularly
the NRC have had the most extensive influence
on the compliance requirements for the design
and construction of a U.S. LWR. The Atomic
Energy Act pre-empts state and local jurisdiction
on issues related to nuclear safety.

The Federal government oversees the
environmental and safety aspects of nuclear
reactor technology in order to protect the
health and safety of the public, including
employees' health and safety, the common
defense and security, and the integrity .it
the environment. In pursuit of these
objectives, the Federal government through
the NRC has essentially maintained open ended
safety goals in terms of regulation development
and interpretation. In addition the NRC has
adopted a "meticulous standard" of compliance
as reflected in 10 C.F.R. Part 2, Appendix
C.§I. "Introduction and Purpose," which
states,"...prompt and vigorous enforcement
action will be taken when dealing with
licensees who do not achieve the necessary
meticulous attention to detail and the high
standard of compliance which the NRC expects
of its licensees." Consequently, it has
maintained that public safety is the first,
last and a permanent consideration that must
be addressed without concern for cost. This
situation would not have had significant cost
impact to the nuclear industry, if Federal
regulatory activity had been somewhat limited.
This however, has not been the case as will be
discussed in a subsequent part of the paper.

State agencies are concerned with the
need for power, adequacy of site, environmental
issues of importance to the locality,
socioeconomic impacts and emergency planning.
Local agencies review adherence to local
building code requirements (water availability,
sewer tie-in connections, traffic patterns),
socioeconomic impacts and emergency planning.

The State public utility commissions are
responsible for setting the cost of electricity
and therefore for balancing the interests of
the ratepayers and investors. They carry out
this responsibility within the framework of
state legislation, the precedents established
in previous commission cases, state court
rulings on contested commission decisions,

and fir..i];y, the gener.-ii req-.ii rs-me-r s of the
Federal Constitution as interpreted and
applied by the V.S. Supreme Court. Their
goal is 10 rainiinliü t'n.c co-it of electricity
to the ratepayer while ins'.'.rini: a sufficient
and reliable supply. Basically, they ase the
reasonable person concept in developing the
various tests used to judge the utilities'
compliance with their goal.

A utility vrill file s rate adjustment
application for recovery cf operating costs,
cost of modifying existing plants in service,
replacement rower costs, investment in new
plants added to the system, and n>:ts incurred
in initiating and the:i cancelling or suspending
construction of a new plant or facility.

In summary the technical anj financial
regulation of the U.S. nuclear electric
industry is divided between the Federal and
State geverurrienrs. The Federal government
oversees the environmental and safety aspects
of the technology and is essentially unconcerned
with costs. The State utility commissions
address the need for power, cost and quality
of service. For the most part they do not
examine the benefits of federal regulation,
such as safety arid environmental enhancements,
or the effects on national energy security.

RULES, REGULATIONS, CONSENSUS STANDARDS AND
THE ISSUE OF INTERPRETATION

Thp NRC's rules and regulations are
embodied in Title 10, "Energy", of the United
States Code of Federal Regulations, commonly
known as 10CFR, and were issued by the Atomic
Energy Commission following enactment o£ the
Atomic Energy Act. They have been amended
and expanded by both the AEC and the NKC. A
fundamental issue associated with understanding
the U.S. nuclear regulatory environment and
how it has evolved over the last fifteen
years is the question of "What do the rules
mean" or of their "interpretation". Although
a subtle issue, the matter of interpretation
ot what the rules mean is essential to the
determination of whether a design or installation
is in "compliance" with the intent of the
regulations and therefore merits a license.
Succinctly put,• improper interpretation means
noncompliance; and noncompliance means no
license. The NRC has attempted to give
guidance to members of its own staff and to
the industry as to the meaning or interpretation
of the rules and regulations by issuing its
Regulatory Guides, Standard Review Plans and
other guidance documents. The staff has come
to view the specifics of such guidance as an
acceptable method of meeting the regulations.
A utility may offer another method of satisfying
the regulations but then the burden of proving
its acceptability, with its associated cost
in time aid money, falls on the utility.
Therefore, informal interpretations (as
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opposed to the more formal rulemakir.g proce-
dures) tend to be viewed by the NRC staff and
industry as "requirements" to be met during
the entire licensing, design, construction
and startup process. Table 1 lists iTi addition
to Title 10 of the U.S. Code of Federal
Regulations, other methods used by the NRC to
provide "interpretation" of the meaning of
the regulations and therefore define "require-
ments" to be met in complying with the regula-
tions.

TABLE 1

NRC RULES & REGULATIONS
AND

METHODS OF COMMUNICATING "INTERPRETATION"
BASED REQUIREMENTS

A) NRC Ruies and Regulations

o Title 10, U.S. Code of Federal
Regulations

B) NRC Guidance Documents

o Regulatory Guides (formerly called
Safety Guides)

o Branch Technical Positions (B.T.P.'s)
o Standard Review Plans (S.R.P.'s)
o NUREG's
o NRC Orders
o I/E Bulletins, Notices & Circulars
o Generic Letters
o Regulatory Position Statements
o Proposed Rulemaking
o Integrated Design Inspection (IDI)

reports
o Construction Appraisal Team (CAT)

reports, and
o Inspector Preferences

C) Selected Non-NRC Documents Incorporated
as Requirements by Reference in Title 10,
U.S. C.F.R. or other NRC Guidance Documents.

o Certain ASME Codes (III and XI), and
o Certain IEEE Standards

The nuclear power industry also tried to
develop guidance and consistent interpretation
of the Federal Regulations through the
consensus standards organizations and utility
owners' groups, both of which are shown on
Figure 1. In some cases these organizations
had NRC representation on the standard writing
committees; these representatives had significant
influence on the standard under development
by providing informal judgements on whether
the particular version would be an acceptable
interpretation of the regulations. Some of
the consensus standards produced were incor-
porated by the NRC as requirements by endor-
sement (with or without exceptions) or by
reference either in the regulations or in

other NRC guidance documents. The extensive
interrelationship of NRC guidance documents
and various industry consensus standards is
demonstrated by Table 2 and Table 3. Table 2
is a summary by the authors of a cross index
of NRC Regulatory Guides and various standards
published by both the Federal government and
U.S. consensus standards organizations. The
index was prepared by the NRC and was obtained
from the NRC Public Document Room. It was
prepared son?e time in late 1978 and is current
as of that time. It was obtained by the
authors in early 1985. Table 3 is a summary
cf the number of American Nuclear Society
Standards called out by various parts of the
NRC Standard Review Plan (SRP).

TABLE 2

SUMMARY OF A 1978
CROSS INDEX OF STANDARDS

AND U.S. REGULATORY GUIDES

NO. OF TIMES ADDRESSED
REGULATORY

GUIDL DIVISION
& DESCRIPTION

POWER flEACTORS
. RESEARCH & TEST REACTORS
. FUELS t, MATERIALS FAC.

ENVIRONMENTAL 6 SIT1NC
. MATERIAL & PLANT PROT.

PRODUCT
TRANSLATION
OCCUPATIONAL HCALTH
ANTI-TRUST REVIEW
'.tNLRAL CUIDLS

NC. or u.s NATIONAL
(. INTERNATIONAL

STANDARDS ADDRESSED

194

4

3

31
NOT ADDRESSED
NOT ADDRESSED

IN U . S . REGULATORY
GUIDES BY

REFERENCE OR ENDORSEHEHT

136 159
1 b

12 4 9
i, l

16 27
1 b
5 5

16 17
NOT ADDRESSED
NOT ADDRESSED

.TABLE 3

SUMMARY OF THE NUMBER OF AMERICAN NUCLEAR
SOCIETY STANDARDS CALLED OUT BY VARIOUS PARTS

OF THE NRC STANDARD RVIEW PLAN (SRP)

NO. ANS
SRP SECTION & STANDARDS
DESCRIPTION ADDRESSED

2-Site Characteriscics 1
3-Design of Structures,

Components, Equipment,
and Systems 8

5-Reactor Coolant System
and Connecad Systems 1

6-Engineered Safety Features 3
7-Instrumentation & Controls 1
9-Auxiliary Systems 13
10-Steam and Power Conversion

System 3
11-Radioactive Waste Management 10
12-Radiation Protection 15
13-Conducr of Operations 11
15-Accident Analysis 11
17-QuaUty Assurance 2
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The incorporation cf U.S. consensus standards
in NRC guidance documents is significant
because it changes the relationship between
such standards ana the authority of the
design or construction engineer. A consensus
standard by itself provides guidance to the
engineer who is at liberty to accept or
reject the standard in whole or in part
depending on the circumstances of his appli-
cation. His technical judgement and engineer-
Ing authority prevail. When a consensus
standard is incorporated into a NRC guidance
document it takes on the character of a
technical code whose use is legally binding
on the engineer. The engineer's freedom of
action is restricted. The endorsement or
reference of a consensus standard in an NRC
guidance document as an acceptable interpre-
tation of the regulations results in the
standard becoming the minimum level of accept-
ability if not a formal requirement in its
own right. This results in a significant
curtailment in the engineer's flexibility to
tailor his solutions to the innumerable
problem variations that occur on large complex
power plant projects and reduces his ability
to provide them in a timely and cost-effective
manner.

As will be discussed below, there has
been a significant increase in LWR design and
construction requirements. This increase in
requirements is caused by an increase in the
number of NRC guidance documents and the
number of consensus standards that have been
incorporated as regulatory requirements by
being referenced in the NRC's regulations and
guidance documents. The scope and timing of
these increases have had a profound impact on
the manner in which LWRs are designed and
constructed, and consequently on their ultimate
cost.

INCREASE IN U.S. LWR REQUIREMENTS

The activity in the U.S. nuclear regulatory
environment during the last decade and a half
is reflected in the promulgation of both
legislation and safety requirements. Figure
2 shows the history of U.S. Congressional
legislation which has impacted nuclear plant
construction to some degree. In addition,
NRC regulatory requirements have increased
enormously both in number and in detail.
Some of the numerous ways that the NRC has of
imposing requirements both directly and by
interpretation were previously listed on
Table 1. The significance of the evolution
in LWR requirements is reflected in the growth
in some of the types of documents listed on
Table 1. Figure 3 shows the growth in
NRC Regulatory Guides between 197C and late
1984. Similarly, Figure 4 depicts the growth
in Inspection and Enforcement (I&E) documents
between 1976 and late 1984. Some of these
documents, particularly the I&E Bulletins,

1938 42 at 50 54 58 62 bfi 70 74 78 82 8*

LEGEND-
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are identified by the NRC as mandatory while
others are considered nonmandatory. The U.S.
utilities must review and address the non-
mandatory documents because of possible
interpretation implications. Figures 3 and 4
address only a few of the different types of
guidance document listed on Table 1. Most of
the other guidance documents have been initiated
or significantly altered during the last
decade.

LWR regulatory requirements have also
increased because of the evolution in the
number and relationship of industry consensus
standards. Figure 5 shows the growth
during the 1970's in the number standards
applicable to nuclear plant construction.
Simultaneously, the increase in NRC guidance
documents was accompanied by an increase in
the number of consensus standards whose
requirements were incorporated by reference.
As a result of these three phenomena, there
has been a rapid and significant increase in
the number of consensus standards that have
become design and construction requirements.
As a result, the implementation, and particularly
the modification of these standards to tailor
them to an unusual situation, has become more
of a legal or procedural process rather than
a technical process where "engineering
judgement" can be utilized as the basis for
action. The impact from "legalization" of

FIGURE 5 TREND OF NUCLEAR STANDARDS DEVELOPMENT
FOR THE PERIOD BETWEEN 1965 TO 1985

existing standards is similar to the impact
which results when the NRC promulgates new
requirements.

IMPACT ON U.S. NUCLEAR POWER OPTION

The evolution in the U.S. LWR regulatory
environment has resulted in each plant being
fundamentally a first of a kind unit with
minimum learning feedback to facilitate
effective cost reduction. The pursuit of the
unattainable goals of zero risk to man and
the environment with complete documentation
to legally prove its achievement, has driven
the cost of U.S. nuclear electric generation
facilities relentlessly upward over the last
15 years.

The capital cost estimates for nuclear
power plants as recorded by the normalized
LWR models in the DOE/UE&C Energy Economic
Data Base (EEDB) indicate a compound annual
growth rate of 24 percent per year for the
period 1971 to 1983. Inherent in this current
dollar escalation rate is a teal escalation
rate that is approximately twice the prevailing
general inflation rate during the period.

The fundamental cost drivers affecting a
U.S. LWR, are as follows:

o Increases in commodities
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Increases in the unit cost of
commodities
Increases in field direct and indirect
labor
Increases in engineering labor in
both the home office and the field.
Increases in miscellaneous services,
including purchasing, QA, and clerical.
Increases in time related costs
Increases in owners' expense as
driven by the above.

From this list, our evaluations of
regulatory cost impact over the last ten
years show that increasing manpower require-
ments for engineering and construction is the
major cost driver which, except for time
related costs, is the most significant
contributor to increased nuclear power plant
cost. Table 4 shows the trend of increasing
manpower content for a U.S. LWR. The increases
in the required manpower cannot be explained
as a simple function of commodity content.
Although large increases occurred in the 1968
to 1976 timeframe, commodity content was
reasonably stable during the 1976 to
1982 timeframe.

TABLE A

TRENDS IN U.S. NUCLEAR POWER
PLAN1 LABOR CONTENT

(IN MILLIONS)

UE&C STUDY
PLANT SIZE
(EXP. DATE)

WASH 1230
1000 MWe
(1/71)

NUREG 0241
1139 MWe
7/76

EEDB PHASE-Vl
1139 MWe
(1/83)

CRAFT LftBOR
MANHOURS

6.7

12.7

29.8

ENGINEERING {•
FIELD SERVICE
LABOR MANHOURS

1.7

4.1

21.6

o Redundant analysis and design verification
o Redefinition of design analysis techniques
o Increasing field construction manpower

per unit of work accomplished due to QA,
crowding, the complexity of nuclear plant
construction, and backfit requirements

o Increases in commodities, equipment and
materials

The result is that, although the physical
scope of the plant has increased with an
attendant increase in plant cost, the largest
impact has been in the increased craft, non-
manual and engineering manhour content because
of significantly reduced productivity.

Table 5 summarizes these trends by
tabulating the compound annual growth rates
for U.S. LWR cost and construction components
from 1971 to 1983.

TABLE 5
COMPOUND ANNUAL GROWTH RATES*1»2

NUCLEAR POWER PLANT COST & CONSTRUCTION TRENDS
FROM 1971 TO 1983

Total Investment Cost:

Construction Materials:

Concrete

Reinforcing Steel
Structural Steel
Cable
Conduit & Containers

Craft Labor

Engineering 6. Field Service Labor

24%

+ 5%
+ 8%
+ 8%
+10%
+ 12%

+13%

+24%

*Notes (1) Percentages represent the average
compound annual growth rate based
on the first and last estimates
established for the period shown.

(2) "Plus" indicates an increase or
deterioration, "Minus" indicates a
reduction or improvement.

The effective use of manpower has been
negatively impacted by the evolution in
regulatory interpretation for the following
reasons:

o Increasing depth of analysis relating
to low probability events such as
earthquakes

o Increasing depth of i: «11 in developing
engineering information to document
elements of the smallest detail where
safety may be an issue

CURRENT TRENDS IN U.S. NUCLEAR STANDARDS
DEVELOPMENT AND APPLICATION

The authors believe that the writers of
the current set of nuclear related consensus
standards did not envision the complications
that would accrue by having their standards
adopted In regulatory requirements documents;
nor did they envision the type of Q/A environ-
ment in which they would be applied. Therefore,
the authors believe that the trend in U.S.
nuclear standards should be to revisit existing
standards and modify them to reflect the
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experience of the U.S. nuclear industry
during the last 15 years. Some areas submitted
by the authors for consideration are:

o Recognition that regulatory groups are
going to use the instruments prepared
as voluntary consensus standards as
codes by referencing and endorsing them
in their regulations and guidance documents.

o Encouragement of an industry perspective
on risk versus cost in the standards
rather than that of the regulators. If
the regulators think more is needed, than
it will be their responsibility to include
the additional requirements in the reg-
ulations rather than incorporating them
into the consensus standards.

o Inclusion in the standard some appropriate
caveats to return "engineering judgement
and experience" rather than an overemphasis
on "analysis and a perfection of record-
keeping" as the cornerstone of the design
and construction process. This could be
accomplished by including a section in the
standard to describe what is changeable
and what isn't should the standard be
adopted by regulatory agencies.

o Encouraging the concensus making groups
to change the standard development process
by requiring members to justify the need
for a new standard.

o Incorporating a cost/risk/benefit analysis
as part of the standard development
process.

o Reinforcement of the historic standard/code
development process where working papers
and white papers are used before standards
are issued.

o Consideration of the idea of including in
the standards specific direction on two
issues which are not normally discussed.
These are:

- the relationship of applicable Q/A
requirements, and

- the distinction as to whether the
standard is intended for the manu-
facturing environment or the field
construction environment, and the
inclusion of special instructions if
use in both environments is intended.

CONCLUSION

Voluntary consensus standards have been
and continue to be an important element in
the development of the nuclear industry. The
issue of the proper context for their
development and use, is vital to the contin-
uation of a safe, healthy and cost effective
industry. If past practices continue and the
issue of interpretation is not addressed,
then there is little hope of reducing the
cost of new nuclear power plants without
multiple plant standardization as is done in
France. If we in the ANS and such organizations
as the Institute of Nuclear Power Operations
(INPO) and the Nuclear Utility Management and
Resources Committee (NUMARC) are able to
focus on these problems it may augur well for
the future of the nuclear power option in the
United States.

Examination of the issue of grandfathering
within the standard in terms of the
relationship of the new or revised standard
to the previous issues of the standard.
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