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CHAPTER 1
INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT
1.1 INTRODUCTION

The Duane Arnold Energy Center (DAEC) Final Safety Analysis Report (FSAR)

‘ was submitted in support of an application by Iowa Electric Light and Power Company'
and by the Central lowa Power Cooperative and the Corn Belt Power Cooperative for a
construction permit and facility license for a nuclear power plant under Section 104 (b) of
the Atomic Energy Act of 1954, as amended, and the regulations of the Atomic Energy
Commission (AEC) in Title 10, Code of Federal Regulations (10 CFR).

At the time of the initial application, ownership of the plant was divided into the
following proportions:

Towa Electric' 70%
Central lowa Power Cooperative 20%
Corn Belt Power Cooperative 10%

The plant was constructed pursuant to a construction permit dated June 17, 1970.
It is located on a site near Palo in Linn County, lowa, and consists of approximately 500
acres adjacent to the Cedar River. The nuclear steam supply system (NSSS) and the
turbine-generator were furnished by the General Electric Company (GE). The balance of
plant was designed and constructed by Bechtel Power Corporation (Bechtel) as architect-
engineer and constructor. The plant achieved initial criticality on March 23, 1974, and
began commercial operation on February 1, 1975.

The unit was originally designed, analyzed, and licensed for a steady-state core
power of 1658 MWt. However, the plant Technical Specifications restricted operation to
a rated power of 1593 MWt. In 1985, commencing with reload cycle 8, the Technical
Specifications were amended to allow the DAEC to operate at a steady-state power level
of 1658 MWt (License Amendment #115). Rated (100%) power became 1658 MWt at
that time. The net electric output of the plant at that level is 541 MWe. Heat balance and
safety analyses were performed at 102% of the rated power which corresponds to 1691
MWt.

Then in 2001, the rated power level was increased again, by the Extended Power
Uprate (EPU) Project, to 1912 MWt (License Amendment #243). Extensive engineering
studies and safety analyses were performed at 102% of the new licensed power level, i.e.,
1950 MWt.

! Towa Electric Light and Power Company has undergone several mergers since 1994.
Some historical references to lowa Electric Light and Power Company, or lowa Electric,
are maintained as appropriate.
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Over the operating history of the DAEC, ownership and operating authority have
changed on multiple occasions through company mergers, acquisitions, divestitures, and
other corporate activities. The following is the timeline of those changes:

The original primary owner (70%) and licensed operator of the DAEC was lowa
Electric Light & Power Company (Iowa Electric, IELP). As noted previously,
Central Iowa Power and Corn Belt Power Cooperatives are minority owners, 20%
and 10%, respectively, and while they have certain regulatory financial
responsibilities, they do not have any operating authority for the DAEC.

In 1986, IELP became a wholly-owned subsidiary of IE Industries, Inc. and
received NRC approval by letter dated June 30, 1986. No changes to the DAEC
operating license were made.

By NRC letter dated May 6, 1991, the merger between IE Industries, Inc. and
Iowa Southern, Inc. to become a new corporation, IES Industries, Inc., was
acknowledged. There were no changes to the DAEC operating license as a result
of this merger, as IELP was a wholly-owned subsidiary of the new corporation.

In January 1994, IELP was merged with Iowa Southern Utilities Company to
become, IES Utilities Inc., a wholly-owned subsidiary of IES Industries, and the
associated operating license change was approved by NRC in Amendment # 198.

By NRC order dated August 28, 1997, the merger of IES Industries with two
other utilities that ultimately become known as Alliant Energy, was approved.
IES Utilities became a wholly-owned subsidiary of Alliant Energy. No operating
license change was made.

By NRC order dated May 15, 2000 and license amendment # 232, dated August
7, 2000, the operating authority was transferred from IES Ultilities Inc. to the
Nuclear Management Company (NMC). IES Ultilities Inc. retained their 70%
ownership of DAEC.

By license amendment # 244, dated January 2, 2002, the DAEC operating license
was revised to reflect the name change in the corporation from IES Ultilities to
Iowa Power and Light Company (IP&L), a wholly-owned subsidiary of Alliant
Energy.

By NRC order, dated December 23, 2005, and license amendment # 260, dated
January 27, 2006, IP&L’s 70% ownership and NMC’s operating authority were
transferred to FPL Energy Duane Arnold, LLC (hereafter FPL Energy Duane
Arnold), a wholly-owned subsidiary of FPL Energy.

1.1-2 Revision 19 — 9/07



UFSAR/DAEC - 1

On April 16, 2009, the name “FPL Energy Duane Arnold, LLC” was legally
changed to “NextEra Energy Duane Arnold, LLC.” The NRC was notified of this
name change by letter (NG-09-0242) dated April 17, 2009.

Historical references to the above entities have been retained throughout the
UFSAR, where appropriate. When UFSAR Figures require revision, they will be
updated with the current company name at that time.

The major systems and components that bear significantly on the acceptability of
the site, or on the safety of the plant, including the engineered safeguards systems and the
containment, have been evaluated for operation at a power level of 1912 MWt. The plant
safety analysis (Chapter 15) has been performed at an assumed power level of 1950 MWt
which is rated power plus a 2% uncertainty factor in power level in accordance with
Regulatory Guide 1.49.

The purpose of the FSAR was to provide the technical information requested by
10 CFR 50.34 in order to provide information needed for the evaluation of the DAEC
plant with respect to the issuance of a construction permit and facility license. This
updated FSAR has been prepared in response to 10 CFR 50.71(e).

The principal architectural and engineering criteria that governed the
development of the plant design are discussed in Section 1.2. The plant description and
analyses that follow explain the various systems and components that are designed to
satisty such criteria. The various sections of the report that describe individual systems
or components also provide the functional performance requirements for such systems,
together with a summary of the technical and safety evaluation of the system.

Throughout the life of the DAEC 10 CFR 50 license, spent fuel, high-level
radioactive waste, and reactor-related greater than Class C waste may be transferred in 10
CFR 72 licensed storage systems from the 10 CFR 50 licensed facility to an Independent
Spent Fuel Storage Installation (ISFSI) for interim on-site storage. An ISFSI is licensed
under 10 CFR 72. The design and licensing basis for an ISFSI will be contained in design
basis documents, separate from this UFSAR, and within each installed 10 CFR 72 licensed
storage system’s Certificate of Compliance and Final Safety Analysis Report. An ISFSI
requires non-safety related system tie-ins to the 10 CFR 50 licensed facility. As applicable,
these system tie-ins will be stated in this UFSAR. An ISFSI interfaces with many 10 CFR
50 established processes and programs (emergency, security, radiation protection, etc.).
These process and program interfaces are not discussed in this UFSAR, but will be
discussed in ISFSI design basis documents and each specific program. The operation of an
ISFSI does not adversely affect the safe operation of the 10 CFR 50 licensed facility.

1.1.1 ORGANIZATIONAL RESPONSIBILITIES

The DAEC organization is discussed in detail in Chapter 13. Some of the basic
responsibilities are discussed below.
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1.1.1.1 Training

The operating, maintenance, technical, and administrative staff receive extensive
training and instruction in academic subjects and practical operations. These instructions
are given both within and outside the plant to qualify the staff for their responsibilities
and to enable them to obtain operator and senior operator licenses where required.
Detailed training plans are described in Section 13.2.

1.1.1.2 Preoperational Test Program

Prior to initial operations, all equipment, components, and systems were tested.
These tests were conducted by lowa Electric with technical assistance from General
Electric and Bechtel.

1.1.1.3 Startup and Power Test Program

Following initial fuel loading, a test program progressing from low-power to full-
power operation (1593 MWt) was performed with lowa Electric performing the actual
work under the technical direction of the NSSS supplier. Each test was carefully
evaluated before proceeding to the next higher power level. Following the cycle 7-8
refueling, the power uprate test program was conducted while bringing reactor power
from zero to full power (1658 MWt). Similarly, the EPU Project developed a startup
testing program, in several phases, to increase power up to the licensed power level of
1912 MWt. See Chapter 14 for details of the various startup testing programs from
original plant construction through EPU.

1.1.1.4 Normal Operations

Following the successful completion of the preliminary tests, the plant was
assigned commercial operation status, with all plant functions performed by licensed
personnel in accordance with approved procedures and operating license requirements.

1.1.1.5 Emergency Plans

Detailed written procedures have been prepared for emergency situations. The
appropriate personnel have been trained in these procedures. Periodic tests and reviews are
conducted. Emergency planning is briefly discussed in Section 13.3, and a detailed
discussion is contained in the DAEC Emergency Plan. Procedures to handle emergencies
have been developed in cooperation with such agencies as the lowa State Health Department,
Iowa State Police, local hospital and medical personnel, officials and appropriate agencies of
Linn County, Cedar Rapids, and Palo, lowa, and the Nuclear Regulatory Commission
(NRO).
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1.1.1.6 Records
Complete records of all operations, tests, and maintenance activities are
maintained to enable the On-site Review Group and the various NRC divisions to review

and analyze all operations.

1.1.1.7 Operational Reviews and Audits

Routine review of operations is a responsibility of the plant staff and the On-site
Review Group. Independent audits of critical functions of operations, including nuclear safety
and NRC license provisions, are performed regularly.

1.1.2 METHODS OF TECHNICAL PRESENTATION

1.1.2.1 Purpose

The purpose of this UFSAR is to provide the technical information required by 10
CFR 50.34 to establish a basis for the evaluation of the plant with respect to the issuance
and maintenance of a facility operating license.

1.1.2.2 Radioactive Material Barrier Concept

Because the safety aspects of this report pertain to the relationship between plant
behavior under a variety of circumstances and radiological effects on persons off the site,
the report is oriented with respect to the radioactive material barriers. This orientation
facilitates the evaluation of the radiological effects of the plant on the environment.
Thus, the presentation of technical information is considerably different from that which

would be expected in an operating manual, maintenance manual, or nuclear engineer's
handbook.

The overriding consideration that determines the depth of detailed technical
information presented about a system or component is the relationship of the system or
component to the radioactive material barriers. Systems that must operate to preserve the
radioactive material barriers are described in the greatest detail. Systems that have little
relationship to the radioactive material barriers are described with as much detail as is
deemed necessary to establish their functional role in the plant.

1.1.2.3 Organization of Contents

The UFSAR is organized into 17 chapters, each of which consists of a number of
sections. The principal architectural and engineering criteria, which define the broad
frame of reference within which the station is designed, are set forth in Section 1.2.
Section 1.2 also presents a brief description of the station in which the nuclear safety
systems and engineered safeguards are separated from the other systems, so that those
systems essential to safety are clearly identified. Chapters 2 through 14 present detailed
information about the design and operation of the plant. In these sections, nuclear safety
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systems and engineered safeguards are integrated into sections according to system
function (emergency core cooling, control), system type (electrical, mechanical), or
according to their relationship to a particular radioactive material barrier. Chapter 4,
"Reactor," describes plant components and presents design details that are most pertinent
to the fuel barrier. Chapter 5, "Reactor Coolant System and Connected Systems,"
describes plant components and systems that are most pertinent to the nuclear system
process barrier. Chapter 6 describes the engineered safety features, which include the
primary and secondary containments. Thus, Chapters 4, 5, and 6 are arranged according
to the four radioactive material barriers.

The remainder of the sections group system information according to plant
function (radioactive waste control, emergency core cooling, power conversion, control)
or system type (electrical, structures). Chapter 15, "Accident Analyses," provides an
overall safety evaluation of the plant that demonstrates both the adequacy of equipment
designed to protect the radioactive material barriers and the ability of the safeguard
features to mitigate the consequences of situations in which one or more radioactive
material barriers are assumed damaged.

Chapter 16, "Technical Specifications," is maintained separately from the UFSAR
now that the DAEC has an operating license.

Chapter 17, "Quality Assurance," describes the quality assurance program that
was used during the design and construction phase. The program now in use during the

operations phase is referenced in Section 17.2.

1.1.2.4 Format Organization of UFSAR Sections

Sections are numerically identified by representing their order of appearance by
two numbers separated by a period, for example 3.4, the fourth section in Chapter 3.
Sections are further subdivided by numbers separated by periods (3.4.1, 3.4.1.1, etc.).
Pages within each section are consecutively numbered (3.4-1, 3.4-2, etc.).

Tabulations of data are designated "Tables" and are identified by the section
number followed by a dash and the number of the table according to its order of mention
in the text, for example, Table 3.4-5 is the fifth table of Section 3.4. Drawings, pictures,
sketches, curves, graphs, and engineering diagrams are identified as "Figures" and are
numbered in the same manner as tables. Figure 7.1-1 defines the meanings of piping and
instrumentation symbols used in the figures of this report.

The general organization of a section describing a system or component is as
follows:

1. Objective.
2. Design basis.
3. Description.
4. Evaluation.
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5. Inspection and testing.

To clearly distinguish the safety versus operational aspects of a system, the
objective, design basis, and evaluation titles are modified by the word "safety" or "power
generation," according to the definitions given in Section 1.1.3. Systems that have safety
objectives are nuclear safety systems or engineered safeguards. A safety evaluation is
included only when the system has a safety design basis. A power generation evaluation
is included only when needed to clarify the safety versus operational aspects of a system
that has both safety and power generation functions. Sections presenting information on
topics other than plant systems or components are arranged individually according to the
subject matter so that the relationship between the subject and public safety is
emphasized.

Within each section of the text, applicable supporting technical material is
referenced. References are cited in a list of references at the end of the text. Most of the
references are cited as a particular technical basis for boiling-water reactor (BWR) plant
design and analysis. However, a few of the references cited in the report refer to special
technical work performed by General Electric that is specifically applicable to the
DAEC. The references in this category generally provide a full development and
analysis of some aspect of General Electric BWR plant technology. These special
references are incorporated by reference into the UFSAR in Section 1.6 in support of the
license application and subsequent amendments or reviews.

See Section 1.6 for additional information on material incorporated by reference.

1.1.2.5 Power-Level Basis for Analysis of Abnormal Operational
Transients and Accidents

For those abnormal operational transients and accidents for which high-power
operation increases the severity of the results, the analyses assume plant operation at
102% of rated power as an initial condition. For those events for which an initial
condition of low- or intermediate-power level operation renders the most severe results,
the analyses presented in this report represent the most severe case within the operating
spectrum.

1.1.3 DEFINITIONS

The following definitions apply to the terms used in this UFSAR.
NOTE: while many of these terms appear in the Technical Specifications, the UFSAR
definitions may be different. See Technical Specification Section 1.1 for the definitions

used in the Technical Specifications.

Radioactive Material Barrier
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A radioactive material barrier includes the systems, structures, or equipment that
together physically prevent the uncontrolled release of radioactive materials. The four
barriers are identified as follows:

1. Reactor fuel barrier - Uranium dioxide sealed in metal cladding.

2. Nuclear system process barrier - The systems of vessels, pipes, pumps, tubes,
and other process equipment that contain the steam, water, gases, and radioactive
materials coming from, going to, or in communication with the reactor core. The
actual boundaries of the nuclear system process barrier depend on the status of
plant operation.

For example, process system isolation valves, when closed, form part of the
barrier. The steam jet air ejector offgas path forms a planned process opening in
the barrier during power operation. Because the nuclear system process barrier
is designed to be divided by isolation valve action into two major sections under
certain conditions, this barrier is considered in two parts as follows:

a. Nuclear system primary barrier - The reactor vessel and attached piping
out to and including the second isolation valve in each attached pipe. In
various codes and standards used in the industry, this barrier is
sometimes referred to as the "primary system pressure boundary."

b. Nuclear system secondary barrier - That portion of the nuclear system
process barrier not included in the nuclear system primary barrier.

3. Primary containment - The drywell in which the reactor vessel is located, the pressure
suppression chamber, and process line reinforcements out to the first isolation valve
outside the containment wall. Portions of the nuclear system process barrier may
become part of the primary containment, depending on the location of a postulated
failure. For example, a closed main steam line isolation valve is part of the primary
containment barrier when the postulated failure of the main steam line is inside the
primary containment.

\ 4. Secondary containment - The reactor building, which completely encloses the
primary containment. The reactor building ventilation system and the standby gas
treatment system constitute controlled process openings in this barrier.

Nuclear System

The nuclear system generally includes those systems most closely associated with
the reactor vessel that are designed to contain or be in communication with the water and
steam coming from or going to the reactor core. The nuclear system includes the
following:

1. Reactor vessel.
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2. Reactor vessel internals.
3. Reactor core.

4. Main steam lines from reactor vessel to the isolation valves outside the primary
containment.

5. Neutron monitoring system.

6. Reactor recirculation system.

7. Control rod drive (CRD) system.

8. Residual heat removal (RHR) system.

9. Reactor core isolation cooling (RCIC) system.
10. Emergency core cooling systems.

11. Reactor water cleanup (RWCU) system.

12. Feedwater system piping between the reactor vessel and the first valve outside the
primary containment.

Safety

The word "safety," when used to modify such words as objective, design basis,
action, and system, indicates that the objective, design basis, action, or system is related
to concerns considered to be of primary safety significance, as opposed to the plant
mission--the generation of electrical power. Thus, the word "safety" is used to identify
aspects of the plant that are considered to be of primary importance with respect to
safety.

Power Generation

The phrase "power generation," when used to modify such words as objective,
design basis, action, and system, indicates that the objective, design basis, action, or
system is related