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Abstract

U.S. utilities, with extensive support and participation from several international companies, have led an
industry-wide effort in close cooperation of the U.S. Department of Energy (DOE), to establish a technical
foundation for designing the next generation of light water reactors, referred to as Advanced Light Water
Reactors (ALWRs). The cornerstone of this effort is the ALWR Utility Requirements Document (URD). ALWR
requirements are driven by utilities, but with broad industry participation, including U.S. nuclear steam supply
vendors, as well as engineering service, consulting, architect-engineer, and construction companies. Thus, there is
essentially a consensus of the industry as to those features to be sought in the next generation of plants, based on
the information and lessons learned from over 35 years of operating over 100 LWRs in the U. S., and many more
internationally. The URD addresses the entire plant, including nuclear steam supply system and balance of plant.
The requirements are intended to provide improved, standardized versions of ALWRs, which eliminate most of
the issues and inefficiencies associated with some of the existing designs; assure a simpler, more forgiving plant
design that is excellent in all respects, including safety, performance, constructibility, and economics. The U. S.
Nuclear Regulatory Commission (NRC) is directly involved with the URD and has published a Safety Evaluation
Report on the requirements for each type of ALWR. Through the NRC review, the URD supports improved
stability in the regulatory basis for ALWRs by including agreements on the outstanding licensing and severe
accident issues. Looking forward, the URD provides a set of utility technical requirements, which can be used in
an ALWR investor bid package for the detailed design, licensing and construction. The resulting bid package will
provide a basis for investor confidence in implementing an ALWR.

1. INTRODUCTION AND BACKGROUND

EPRI began the activity to develop a new generation of LWRs in 1983 through the establish-
ment of preferences and prerequisites of utility executives for ordering new nuclear power plants.
Utility executives indicated that new plants must be safer and simpler and must have greater design
margins. They also supported making improvements to established LWR technology, rather than
developing new reactor concepts requiring prototype demonstrations. Furthermore, they wanted the
option to build mid-size nuclear plants in addition to large sized plants. It was judged that midsize
plants could better support the demands of slower load growth, and would more readily accommodate
the introduction of safety features that rely on natural forces, thereby providing additional opportunity
to simplify plant design and operation.

In response to these industry guidelines, EPRI initiated the ALWR design effort in 1985 by
beginning development of the ALWR Utility Requirements Document (URD)[1]. In addition to pro-
viding a comprehensive set of utility design requirements, the document was to address over 700
regulatory issues required to be resolved for future designs by the U.S. Nuclear Regulatory Commis-
sion (NRC). The first three volumes in the URD were completed in 1990 and contain more than
14,000 detailed requirements for ALWR designs. The NRC published their Safety Evaluation Report
(SER) [2] in 1992 and 1994 detailing their review of the URD.

Work on the URD provided a foundation for follow-on-design programs, as well as the deve-
lopment of an integrated, industry-wide plan for and commitment to the resolution of challenges to
building new nuclear power plants. The goal of the overall program is described in the Strategic Plan
for Building New Nuclear Power Plants [3], published by the Nuclear Energy Institute (NEI) Execu-
tive Committee to resolve the full spectrum of issues, technical and institutional, in an integrated and
coordinated way. The Strategic Plan was first published in 1990 and has been updated annually to
reflect progress made, new challenges, and revised milestones to address these challenges.
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The remaining sections of this paper describe the development, organization and content, and
use of the URD in ALWR implementation. Much of the content of this paper is from Volume I of the
URD.

2. DEVELOPMENT OF THE REQUIREMENTS DOCUMENT

Overall direction in developing the URD has been provided by the ALWR Utility Steering
Committee (USC) consisting of senior representatives from approximately twenty U.S. and foreign
utilities. EPRI personnel have acted as staff to the USC. EPRI also established contracts with U.S.
nuclear steam supply system vendors, as well as engineering service, consulting, architect-engineer,
and construction companies. As a result, the ALWR requirements are driven by utilities, but have also
had the benefit of participation of a broad range of industry participants. Thus, the requirements are
essentially a consensus of the industry as to those features that should be sought in the next generation
of plants.

The USC established policy statements in key areas which are central to the achievement of
program objectives and which have broad, fundamental influence on plant design requirements. These
policy areas tend to be pervasive ones which the utility sponsors consider important to correcting
issues (e.g., plant simplification) in existing plants or to be ones which explain fundamental ALWR
guiding principles (e.g., use of proven technology). The policy statements are not considered design
requirements by themselves, but rather influence or form the foundation for a set of requirements. The
fourteen policy statements are discussed further in Section 4.

The main focus of the requirements and commensurate level of detail is on areas of improve-
ment needed to achieve an excellent power plant. Considering the policy statements, as well as the
scope and focus of the requirements, the URD was organized into volumes, based on plant designs,
and chapters based on plant systems and topics.

The development of individual chapters followed an iterative, consensus building approach.
Initial chapter drafts were developed by selected teams of engineers from ALWR contractors. Chapter
Managers were selected to lead the development effort and consensus building process. Periodic
meetings with representatives from contractor organizations were held to review and resolve com-
ments on chapter drafts. A formal database of comments and their resolution supported the drafting
process. Periodic meetings were held to apprise the USC of progress and key issues associated with
the development of each chapter. When chapter drafts achieved sufficient maturity and all comments
were resolved, they were provided to the USC for review and approval. In September 1990, after
approximately five years of development, the first complete revision of the URD was sent to the NRC
for their review.

The development of the URD was an unprecedented effort by utilities to provide, at new levels
of comprehensiveness and clarity, their desires for future nuclear plant designs. The URD develop-
ment process presented an opportunity for utilities to consider various approaches for effective
communication with plant designers. As the process evolved, preferences regarding the format, level
of detail, and style for writing requirements became clear, as did the need to tailor requirements based
on the characteristics of the subject matter. The specificity and comprehensiveness employed for
developing the requirements varied depending on the operational feedback and improvements desired.
Considerable emphasis was placed on the incorporation of human factors in the design process and
improvements in the man-machine interface in general, and specifically the main control room.

Once the first version of the URD was produced, a means of maintaining and updating the
document was required. A formal process was established to request changes to the URD, to have
changes reviewed by all interested participants, to obtain approval of changes by the USC, and finally,
to implement changes into numerical revisions to the URD.
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FIG. 1 ALWR Utility Requirements Document in the Design Process.

Changes to the requirements have been processed based on review comments from the NRC,
and, more recently, on feedback from the ALWR design projects. For example, the latest revision of
the URD has greatly benefited from the ABWR first-of-a-kind engineering (FOAKE) completed in
1996, and from the just completed AP600 design certification and FOAKE efforts. Figure 1 shows the
model presently implemented between EPRI, utility representatives, and the designers for the deve-
lopment of the LWR designs. The feedback loops show that changes to the requirements, or to the
design, may be needed to assure conformance between requirements and design.

To date, there have been seven revisions to the URD incorporating over 500 changes. The
eighth revision incorporating another ~100 changes is planned for publication in June 1999. Given the
sizable number of updates to the URD, it is clear that the URD has demonstrated its value in focusing
and directing design processes toward the needs and desires of potential owners and operators.

3. ORGANIZATION OF THE REQUIREMENTS DOCUMENT

A systematic approach has been taken in developing and organizing the requirements. The
URD covers the entire plant up to the grid interface. It therefore is the basis for an integrated plant
design, i.e., nuclear steam supply system and balance of plant, and it emphasizes those areas that are
most important to the objective of achieving an ALWR which is excellent with respect to safety,
performance, constructibility, and economics. The URD applies to both Pressurized Water Reactors
(PWRs) and Boiling Water Reactors (BWRs). An overall illustration of the structure of the document
is provided in Figure 2.

Volume I of the document defines ALWR Program policy and summarizes top-tier design
requirements. The policy statements provide utility positions on key aspects of design, development,
and ALWR Program implementation. The top-tier design requirements are key elements in meeting
ALWR Program objectives in order to make a viable nuclear power generation option available in the
future. The top-tier design requirements also form the basis for developing detailed requirements in
subsequent volumes for specific plant concepts.

Volume I is written in a narrative format (versus the requirements—rationale format used in
Volumes II and III as described below) in order to present the policies and top-tier requirements in a
more compact manner. Also included in Volume I is a section that defines ALWR cost goals to assure
that the ALWR is economically competitive with other generation alternatives. Finally, a section is
included on plausible scenarios for ALWR implementation, including certification, design, and
construction.
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FIG. 2 ALWR Utility Requirements Document Organization.

Volumes II and III of the URD contain the complete set (top-tier and detailed) of design
requirements for the Evolutionary and Passive ALWRs, respectively. Chapter 1 of each volume
defines common requirements applicable to a number of plant systems. These requirements are in one
chapter to avoid repetition in the subsequent chapters. Chapters 2 through 13 of each volume have
been organized by groups of systems to cover the entire nuclear plant. URD chapter titles are shown
in Table I.

3.1 Requirement - engineering rationale approach

The design requirements specified in the URD are organized in a side-by-side format that
provides an engineering rationale for each requirement. The requirements define utility positions on
the means for resolving issues in design, construction, and operation of current plants and for meeting
the ALWR Program objectives. The rationale presents the basis for the requirement and provides
later users of the document a better understanding of the requirement and its intent.

Volume I and the subsequent introductions to various sections of Volumes II and III include
narrative text that is not in the side-by-side format. This narrative text typically states ALWR policy
or necessary background. Although not strictly considered to be plant design requirements as is the
side-by-side format, this narrative text provides the user with an understanding of ALWR policy,
perspective on program background and the section scope.

3.2 Explanation of requirement terminology

The URD requirements are mandatory features and attributes of the ALWR design that are
necessary to convince the Plant Owner that the plant will be excellent in all aspects. By definition
then, requirements are directed at the plant design team, i.e., the Plant Designer, and compliance with

Table I. ALWR UTILITY REQUIREMENTS DOCUMENT CHAPTERS

Chapter

1
1A
IB

1C
2
3

4

Title

Overall Requirements
PRA Key Assumptions and Groundrules
Licensing and Regulatory Requirements
and Guidance
Cost Estimating Groundrules
Power Generation Systems
Reactor Coolant System and Reactor
Non-Safety Auxiliary Systems
Reactor Systems

Chapter

5
6
7
8
9
10
11
12
13

Title

Engineered Safety Systems
Building Design and Arrangement
Fueling and Refueling
Plant Cooling Water Systems
Site Support Systems
Man-Machine Interface Systems
Electric Power Systems
Radioactive Waste Processing Systems
Turbine Generator Systems
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them should be demonstrable. Requirements are intended to be challenging, yet achievable. It is the
intent of the ALWR Program to provide a set of compatible requirements that result in an integrated
design that meets overall ALWR program objectives. The URD is not a set of requirements to be
selected and chosen from, but rather to be invoked as an integrated set of requirements which
establish the plant design basis for the Plant Designer.

There are a number of very desirable plant characteristics that are established as design require-
ments, but are in areas that pertain to factors beyond the Plant Designer's complete control, such as
volume of radioactive waste produced, plant construction schedule, and plant availability. In these
cases, the intent is to require the Plant Designer to develop and demonstrate a plant design for which
the stated characteristic can be achieved by a competent and professional constructor and owner/
operator organization.

4. ALWR POLICIES AND TOP LEVEL REQUIREMENTS

The ALWR Program has formulated fourteen policies in order to provide guidance for overall
URD development, and to provide guidance to the Plant Designer in applying the requirements. While
not design requirements themselves, the policies cover fundamental ALWR principles that have a
broad influence on the design requirements. Key policy statements are shown in Table II.

Table II. SUMMARY OF ALWR UTILITY REQUIREMENTS POLICIES

Simplification

Design Margin

Human Factors

Safety

Design Basis
Versus
Safety Margin

Regulatory
Stabilization

Standardization

Simplification is fundamental to ALWR success. Simplification opportunities are to
be pursued with very high priority and assigned greater importance in design
decisions than has been done in recent, operating plants; simplification is to be
assessed primarily from the standpoint of the plant operator.

Like simplicity, design margin is of fundamental importance and is to be pursued with
very high priority. It will be assigned greater importance in design decisions than has
been done in recent, operating plants. Design margins which go beyond regulatory
requirements are not to be traded off or eroded for regulatory purposes.

Human factors considerations incorporated into every step of the ALWR design
process. Significant improvements will be made in the main control room design.

Excellence in safety for protection of the public, on-site personnel safety, and
investment protection. Places primary emphasis on accident prevention as well as
significant additional emphasis on mitigation. Containment performance during severe
accidents is evaluated to assure that adequate containment margin exists.
ALWR designs will include both safety design and safety margin requirements.
Safety design requirements (Licensing Design Basis) are necessary to meet the NRC's
regulations with conservative, licensing-based methods. Safety margin requirements
(Safety Margin Basis) are Plant Owner-initiated features which address investment
protection and severe accidents on a best estimate basis.

ALWR Licensability is to be assured by resolving licensing issues, appropriately
updating regulatory requirements, establishing acceptable severe accident provisions,
and achieving a design consistent with regulatory requirements
The ALWR utility requirements will form the technical foundation which leads the
way to standardized, certified ALWR plant designs.
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Table II. SUMMARY OF ALWR UTILITY REQUIREMENTS POLICIES (ctd)

Proven Technology

Maintainability

Constructibility

Quality Assurance

Economics

Sabotage
Protection
Good Neighbor

Employed throughout ALWR designs to minimize investment risk, control costs, take
advantage of existing operating experience, and assure that a plant prototype is not
required; proven technology is successful and clear demonstration in LWRs or other
applicable industries such as fossil power and process industries.

Ease of maintenance to reduce operations and maintenance costs, reduce occupational
exposure, and facilitate repair and replacement of equipment
The ALWR construction schedule will be substantially improved over existing plants
and must provide a basis for investor confidence through use of a design-for-
construction approach, and completed engineering prior to initiation of construction.
The responsibility for high quality design and construction work rests with the line
management and personnel of the Plant Designer and Plant Constructor teams.

ALWR plants will be designed to have projected busbar costs with a sufficient cost
advantage over competing baseload electricity generation technologies to offset
higher capital investment risk associated with nuclear plant utilization.

Inherent resistance to sabotage plus protection by plant security and integration of
plant arrangements and system configuration with plant security design.
The ALWR plant will be designed to be a good neighbor to its surrounding
environment and population by minimizing radioactive and chemical releases.

4.1 ALWR top-tier design requirements

A brief summary of top-tier utility design requirements is provided in Table III; categorized by
major functions, including safety and investment protection, performance, and design process and
constructibility. There is also a set of general utility design requirements, such as simplification and
proven technology, which apply broadly to the ALWR design, and a set of economic goals for the
ALWR program. These requirements reflect the ALWR Program policies described above and form
the basis for developing detailed system design requirements for specific ALWR concepts.

Table DDL. SUMMARY OF TOP-TIER ALWR PLANT DESIGN REQUIREMENTS

GENERAL UTILITY DESIGN REQUIREMENTS

Plant type and size

Safety system concept

Plant design life
Design philosophy

Plant siting envelope

PWR or BWR, applicable to a range of sizes up to 1350 MWe
• Reference size for Evolutionary ALWR: 1200-1300 MWe per unit
• Reference size for Passive ALWR: 600 MWe per unit
• Evolutionary ALWR - simplified, improved active systems
• Passive ALWR - passive systems; no safety-related bulk ac power
60 years
Simple, rugged, high design margin, based on proven technology; no
power plant prototype required.
Most available sites in U.S.; 0.3g Safe Shutdown Earthquake (SSE)

SAFETY AND INVESTMENT PROTECTION

Accident resistance

Core damage prevention
• Core damage frequency
• LOCA protection
• Station blackout coping

Mitigation

• Severe accident risk

• Containment Design

• Containment Margin

• Licensing source term

Design features to minimize initiating event occurrence and severity:
• Fuel thermal margin > 15%
• Slower plant response to upset conditions through features such as

increased coolant inventory.
Design features to prevent initiating events from evolving to core damage.
Demonstrate by PRA that core damage frequency <10"^ per reactor year.
No fuel damage for up to a 6-inch break
8 hours minimum coping time for core cooling (indefinite for Passive
ALWR)

PRA whole body dose less than 25 rem at the site boundary for severe
accidents with cumulative frequency greater than 10"" per reactor year.
Large, rugged containment building with design pressure based on
Licensing Design Basis pipe break.
Margin in containment design is sufficient to maintain containment
integrity and low leakage during severe accident.
Similar in concept to existing Reg. Guide TID-14844 approach, but more
technically correct release fractions, release timing, and chemical form.
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Table HI. SUMMARY OF TOP-TIER ALWR PLANT DESIGN REQUIREMENTS (ct'd)

PERFORMANCE

Design availability 87%
Refueling interval 24-month capability
Unplanned auto scrams Less than I/year
Maneuvering Daily load follow
Load rejection Loss of load without reactor or turbine trip for PWR (BWR from 40%

power).
Operability and maintainability
• Design for operation Operability features designed into plant, such as: forgiving plant response

for operators, design margin, and operator environment
• Design for maintenance Maintainability features designed-in, such as: standardization of

components, equipment design for minimal maintenance needs, provision
of adequate access, improved working conditions, and ready access to
equipment.

• Equipment replacement Facilitate replacement of components, including steam generators.

Man-Machine Interface
• I&C systems Advanced technology, including software based systems, multiplexing,

alarm prioritization, fault tolerance, and automatic testing.
• Operations simplicity Single operator able to control plant during normal power operation.

DESIGN PROCESS AND CONSTRUCTIBILITY

Total time from owner 1300 MWe evolutionary plant designed for 72 months or less
commitment to construct to 6 0 0 M W e i v e l a n t d e s i g n e d f o r 6 0 m o n t h s o r i e s s
commercial operation ^
Design status at time of 90% complete
initiation of construction
Design and plan for Design for simplicity and modularization to facilitate construction; develop
construction an integrated construction plan through Plant Owner acceptance.
Design process
• Design integration Manage and execute design as a single, integrated process.
• Configuration control Comprehensive system to control plant design basis.
• Information management Computerized system to generate and utilize integrated plant information

during design, construction, and operation

5. ROLE OF REQUIREMENTS IN ALWR IMPLEMENTATION

There are three primary roles of the ALWR design requirements in ALWR implementation as
illustrated in Figure 3. The influence of the ALWR requirements is expected to pervade the entire
ALWR implementation process.

5.1 Establishing a stabilized regulatory basis

The ALWR requirements have established a stabilized regulatory basis through actions in four
areas: (1) licensing issue resolution, (2) regulatory requirement optimization, (3) establishing accept-
able severe accident provisions, and (4) achieving a design consistent with regulatory criteria.

The key function of ALWR requirements here was to obtain meaningful agreements with the
NRC, as reflected in the SER, in these four areas.

5.2 Providing requirements for certification design

The second primary role of the ALWR requirements is to provide a set of standardized techni-
cal requirements to be met by suppliers in their certification designs. It is in the vendors' interest to
meet the ALWR requirements, because of the stabilized regulatory basis established by the require-
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FIG. 3. Role of Requirements in ALWR Implementation.

ments and the fact that the requirements reflect the needs and desires of the electric utility industry.
This utility industry has the plant operating experience and is likely to be a key participant in any
ALWR investment group.

5.3 Providing requirements for owner bid packages

The third primary role of the ALWR requirements is to serve as the technical requirements for
ALWR owner bid packages to design and license the standard plant. It is expected that any ALWR
investor will insist on having an investment-ready design with high assurance of licensability. The
ALWR requirements provide the foundation for this assurance. Also, the ALWR requirements will be
an input to the owner bid package to complete the detailed design and to construct.

6. CONCLUSION

The URD is an important element in the process to develop new LWR designs for use in the
twenty-first century. The policies and requirements embodied in the URD reflect the large volume of
experience accumulated in operating LWR designs, and therefore provide a strong foundation for
proceeding with confidence to develop and implement ALWRs that will meet the future needs of
electrical energy suppliers.

The viability and utility of spending the time and resources to develop a set of utility
requirements has been demonstrated in the early stages of the ALWR design process, and will become
increasingly evident as designs are completed and plants are constructed and operated. As organiza-
tions in many countries around the world take the initiative to develop requirements specific to their
needs, it has become clear that the development of these requirements has become an essential first
step in the process for perspective owners and operators planning for the future implementation of
nuclear power plants.
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