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Chapter 3 Design of Structures, Components, Equipment, and
Systems

3.1 Conformance with NRC General Design Criteria

This section contains an evaluation of the principal design criteria of the ESBWR Standard Plant as
measured against the Nuclear Regulatory Commission (NRC) General Design Criteria (GDC) for
Nuclear Power Plants, 10 CFR 50 Appendix A. The GDC are intended to establish minimum
requirements for the principal design criteria for nuclear power plants.

The NRC GDC are intended to guide the design of water-cooled nuclear power plants; separate
Boiling Water Reactor (BWR) specific criteria are not addressed. As a result, the criteria are subject
to a variety of interpretations. For this reason, in some cases conformance to a particular criterion is
not directly measurable. In these cases, the conformance of the ESBWR design to the
interpretation of the criteria is discussed. For each criterion, the ESBWR design is specifically
assessed and a complete list of references is included to identify where detailed design information
pertinent to that criterion is treated in this Design Control Document (DCD).

3.1.1  Group | — Overall Requirements
3.1.1.1  Criterion 1 — Quality Standards and Records

Criterion 1 Statement

Structures, systems, and components important to safety shall be designed, fabricated, erected,
and tested to quality standards commensurate with the importance of the safety functions to be
performed. Where generally recognized codes and standards are used, they shall be identified and
evaluated to determine their applicability, adequacy, and sufficiency and shall be supplemented or
modified as necessary to assure a quality product in keeping with the required safety function. A
quality assurance program shall be established and implemented in order to provide adequate
assurance that these structures, systems and components shall satisfactorily perform their safety
functions. Appropriate records of the design, fabrication, erection and testing of structures,
systems, and components important to safety shall be maintained by or under the control of nuclear
power unit licensee throughout the life of the unit.

Evaluation Against Criterion 1

Safety-related and nonsafety-related Structures, Systems, or Components (SSCs) are identified in
Table 3.2-1. The quality assurance program is described in Chapter 17 and applies to the
safety-related items. Nonsafety-related items are also controlled by the quality assurance program
described in Chapter 17 in accordance with the functional importance of the item. The intent of the
quality assurance program is to assure sound engineering in all phases of design and construction
through conformity to regulatory requirements and design bases described in the license
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application. In addition, the quality assurance program assures adherence to specified standards of
workmanship and implementation of recognized codes and standards in fabrication and
construction. The quality assurance program also includes the observance of proper preoperational
and operational testing and maintenance procedures as well as the appropriate documentation.
The quality assurance program is responsive to and in conformance with the intent of the
quality-related requirements of 10 CFR 50 Appendix B.

SSCs are identified in Section 3.2 with respect to their location, service, and their relationship to the
safety-related or nonsafety-related function to be performed. Applicable codes and standards are
applied to the equipment commensurate with their safety-related function.

Documents are maintained to demonstrate that the requirements of the quality assurance program
are satisfied. This documentation shows that appropriate codes, standards, and regulatory
requirements are identified, correct materials are specified, correct procedures are utilized,
qualified personnel are provided, and the finished parts and components meet the applicable
specifications. These records are available so that any desired item of information is retrievable for
reference. These records are maintained for the life of the operating licenses.

The quality program and records meet Criterion 1. For further discussion, see the following
sections:

Chapter/Section Title

3.2 Classification of Structures, Components, and Systems
3.9 Mechanical Systems and Components
3.10 Seismic and Dynamic Qualification of Mechanical and Electrical
Equipment
3.1 Environmental Qualification of Mechanical and Electrical Equipment
5 Reactor Coolant System and Connected Systems
6 Engineered Safety Features
Table 7.1-1 I1&C Regulatory Requirements Applicability Matrix
9.1.5 Overhead Heavy Load Handling Systems
9.3 Process Auxiliaries
17 Quality Assurance

3.1.1.2  Criterion 2 — Design Bases for Protection Against Natural Phenomena

Criterion 2 Statement

Structures, systems, and components important to safety shall be designed to withstand the effect
of natural phenomena such as earthquakes, tornadoes, hurricanes, floods, tsunami, and seiches
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without loss of capability to perform their safety functions. The design bases for these structures,
systems and components shall reflect:

1. Appropriate consideration of the most severe of the natural phenomena that have been
historically reported for the site and surrounding area, with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been accumulated.

2. appropriate combination of the effects of normal and accident conditions with the effects of
the natural phenomena.

3. the importance of the safety functions to be performed.

Evaluation Against Criterion 2

The ESBWR design is designated as a standard plant, so the design bases for safety-related SSCs
may not have been evaluated against the most severe of the natural phenomena that have been
historically reported for each possible site and its surrounding area. The envelope of the site-related
parameters, which encompass the majority of the potential sites in the contiguous United States is
defined in Chapter 2. The design bases for safety-related SSCs reflect this envelope of natural
phenomena including appropriate combinations of the effects of normal and accident conditions
within this envelope.

The design bases for safety-related SSCs meet the requirements of Criterion 2. Detailed
discussions of various phenomena considered and design criteria developed are presented in the
following sections:

Chapter/Section Title

20 Site Characteristics
3.2 Classification of Structures, Systems, and Components
3.3 Wind and Tornado Loadings
3.4 Water Level (Flood) Design
3.5 Missile Protection
3.7 Seismic Design
3.8 Seismic Category | Structures
3.9 Mechanical Systems and Components
3.10 Seismic and Dynamic Qualification of Mechanical and Electrical
Equipment
3.1 Environmental Qualification of Mechanical and Electrical Equipment
5.2 Integrity of Reactor Coolant Pressure Boundary
5.4.6 Isolation Condenser System
54.7 Residual Heat Removal System
54.8 Reactor Water Cleanup/Shutdown Cooling System
6.2.2 Passive Containment Cooling System
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6.2.4 Containment Isolation Function
6.3 Emergency Core Cooling Systems
Table 7.1-1 I1&C Regulatory Requirements Applicability Matrix
8.1.5.2 Onsite Power
8.3 Onsite Power Systems
9 Auxiliary System
19A Regulatory Treatment of Non-Safety Systems

3.1.1.3 Criterion 3 — Fire Protection

Criterion 3 Statement

Structures, systems, and components important to safety shall be designed and located to
minimize, consistent with other safety requirements, the probability and effect of fires and
explosions. Noncombustible and heat-resistant materials shall be used wherever practical
throughout the unit, particularly in locations such as the containment and control room. Fire
detection and fighting systems of appropriate capacity and capability shall be provided and
designed to minimize the adverse effects of fires on structures, systems, and components important
to safety. Firefighting systems shall be designed to assure that their rupture or inadvertent operation
does not significantly impair the safety capability of the structures, systems, and components.

Evaluation Against Criterion 3

Fires in the plant are prevented or mitigated by the use of noncombustible and heat-resistant
materials such as metal cabinets, metal wireways, high melting point insulation, and flame resistant
markers for identification wherever practicable.

Cabling is suitably rated and cable tray loading is designed to avoid unacceptable internal heat
buildup. Cable trays are suitably separated to avoid the loss of redundant channels of protective
cabling if a fire occurs. The arrangement of equipment in reactor protection channels provides
physical separation to limit the effects of fire.

Combustible supplies, such as logs, records, manuals, etc., are limited in such areas as the control
room, thus limiting the potential of a fire.

The plant Fire Protection System (FPS) includes the following provisions:
» Automatic fire detection equipment in those areas where fire danger is greatest.
» Atrained fire brigade.

» Suppression services which include suppression systems with automatic actuation with manual
override as well as manually-operated fire extinguishers.

3-4 Revision 0
October 2015



Fermi 3
Updated Final Safety Analysis Report

The design of the FPS meets the requirements of Criterion 3. For further discussion, see the
following sections:

Chapter/Section Title

54.7 Residual Heat Removal System
9.51 Fire Protection System
11.3 Gaseous Waste Management System

3.1.1.4  Criterion 4 — Environmental and Dynamic Effects Design Bases

Criterion 4 Statement

Structures, systems, and components important to safety shall be designed to accommodate the
effects of and to be compatible with the environmental conditions associated with normal operation,
maintenance, testing, and postulated accidents, including loss-of-coolant-accidents. These
structures, systems, and components shall be appropriately protected against dynamic effects,
including the effects of missiles, pipe whipping, and discharging fluids that may result from
equipment failures and from events and conditions outside the nuclear power unit. However,
dynamic effects associated with postulated pipe ruptures in nuclear power plant units may be
excluded from the design basis when analyses reviewed and approved by the Commission
demonstrate that the probability of fluid system piping rupture is extremely low under conditions
consistent with the design basis for the piping.

Evaluation Against Criterion 4

Safety-related SSCs are designed to accommodate the dynamic effects of, and to be compatible
with, environmental conditions associated with normal operation, maintenance, and postulated pipe
failure accidents including Loss-of-Coolant-Accidents (LOCA).

Safety-related SSCs are appropriately protected against dynamic effects including the effects of
missiles, pipe whipping, and discharging fluids that may result from equipment failure. The effects
of missiles originating outside the ESBWR Standard Plant are also considered. Design
requirements specify the duration that safety-related SSCs must survive the environmental
conditions following a LOCA.

The design of safety-related SSCs meets the requirements of Criterion 4. For further discussion,
see the following sections:

Chapter/Section Title

2.0 Site Characteristics
3.3 Wind and Tornado Loadings
3.4 Water Level (Flood) Design
3.5 Missile Protection
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3.6 Protection Against Dynamic Effects Associated with the Postulated
Rupture of Piping
3.8 Seismic Category | Structures
3.9 Mechanical Systems and Components
3.10 Seismic and Dynamic Qualification of Mechanical and Electrical
Equipment
3.1 Environmental Qualification of Mechanical and Electrical Equipment
4.6 Functional Design of Reactivity Control System
5.2 Integrity of Reactor Coolant Pressure Boundary
5.3 Reactor Vessel
54.6 Isolation Condenser System
547 Residual Heat Removal System
54.8 Reactor Water Cleanup/Shutdown Cooling System
6 Engineered Safety Features
Table 7.1-1 1&C Regulatory Requirements Applicability Matrix
8 Electric Power
9 Auxiliary System
10.2.1 Turbine Generator

3.1.1.5  Criterion 5 — Sharing of Structures, Systems, and Components

Criterion 5 Statement

Structures, systems, and components important to safety shall not be shared among nuclear power
units unless it can be shown that such sharing does not significantly impair their ability to perform
their safety functions, including, in the event of an accident in one unit, an orderly shutdown and
cooldown of the remaining units.
Evaluation Against Criterion 5
There are no shared SSCs because the ESBWR Standard Plant is a single-unit station; the

requirements of Criterion 5 are met.

3.1.2 Group Il — Protection by Multiple Fission Product Barriers
3.1.2.1 Criterion 10 — Reactor Design

Criterion 10 Statement

The reactor core and associated coolant, control, and protection systems shall be designed with
appropriate margin to assure that specified acceptable fuel design limits are not exceeded during
any condition of normal operation, including the effects of anticipated operational occurrences.
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Evaluation Against Criterion 10

The reactor core components consist of fuel assemblies, control rods, in-core ion chambers,
neutron sources, and related items. The mechanical design is based on conservative application of
stress limits, operating experience, and experimental test results. The fuel is designed to maintain
integrity over a complete range of power levels, including anticipated operational occurence (AOQO)
transient conditions. The core is sized with sufficient heat transfer area and coolant flow to ensure
that specified acceptable fuel design limits are not exceeded under normal conditions or AOOs.

The safety-related Reactor Protection System (RPS) is designed to monitor certain reactor
parameters, sense abnormalities, and to scram the reactor, thereby preventing specified acceptable
fuel design limits from being exceeded. Scram setpoints are based on safety design basis analyses
and setpoint methodology. There is no normal operation or AOO condition from which the scram
setpoints allow the reactor core to exceed the specified acceptable safety limits.

AOO analyses are presented in Chapter 15. The results show that the minimum critical power ratio
does not fall below the safety limit minimum critical power ratio, thereby satisfying the transient
design basis.

The reactor core and associated coolant, control, and protection systems are designed to assure
that the specified fuel design limits are not exceeded during conditions of normal or abnormal
operation and, therefore, meet the requirements of Criterion 10. For further discussion, see the
following sections:

Chapter/Section Title
3.9 Mechanical Systems and Components
4.3 Nuclear Design
4.4 Thermal and Hydraulic Design
Table 7.1-1 I&C Regulatory Requirements Applicability Matrix
15 Safety Analysis

3.1.2.2 Criterion 11 — Reactor Inherent Protection

Criterion 11 Statement

The reactor core and associated coolant systems shall be designed so that in the power operating
range the net effect of the prompt inherent nuclear feedback characteristics tends to compensate
for a rapid increase in reactivity.

Evaluation Against Criterion 11

The reactor core is designed to have responses that regulate or dampen changes in power level
and spatial distribution of power production to a level consistent with safe and efficient operation.

The inherent dynamic behavior of the core is characterized in terms of:
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» Fuel temperature or Doppler reactivity coefficient
» Moderator void reactivity coefficient
* Moderator temperature reactivity coefficient
The combined effect of these coefficients in the power range is termed the power coefficient.

A negative Doppler reactivity coefficient is maintained for any operating condition. Doppler reactivity
feedback occurs simultaneously with a change in fuel temperature and opposes the power change
that caused it; it contributes to system stability.

A negative core moderator void reactivity coefficient resulting from boiling in the active flow
channels is maintained for any operating condition. The negative void reactivity coefficient provides
an inherent negative feedback during power transients. Because of the large negative moderator
void reactivity coefficient, the ESBWR has a number of inherent advantages, such as:

» The inherent self-flattening of the radial power distribution
* The ease of control
* The spatial xenon stability

The reactor is designed so that the moderator temperature reactivity coefficient is negative above
hot standby, and the overall power reactivity coefficient is negative, well within the range required
for adequate damping of power and spatial xenon disturbances.

The reactor core and associated coolant system are designed so that in the power operating range,
prompt inherent dynamic behavior compensates for any rapid increase in reactivity in accordance
with Criterion 11. For further discussion, see the following sections:

Chapter/Section Title
4.3 Nuclear Design

3.1.2.3  Criterion 12 — Suppression of Reactor Power Oscillations

Criterion 12 Statement

The reactor core and associated coolant, control, and protection systems shall be designed to
assure that power oscillations which can result in conditions exceeding specified acceptable fuel
design limits are not possible or can be reliably and readily detected and suppressed.

Evaluation Against Criterion 12

The ESBWR is designed to be inherently stable, and in addition, it includes control and protection
systems designed to ensure that power oscillations that could result in exceeding specified
acceptable fuel design limits are reliably and readily detected and suppressed. The power reactivity
coefficient is the composite simultaneous effect of the fuel temperature or Doppler reactivity
coefficient, moderator reactivity void coefficient and moderator temperature reactivity coefficient.
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The power reactivity coefficient is negative and well within the range required for adequate damping
of power and spatial xenon disturbances. Operating experience has shown large BWRs to be
inherently stable against xenon induced power instability. The negative reactivity coefficients also
provide:

* Good load following with well-damped behavior and little undershoot or overshoot in the heat
transfer response.

» Strong damping of spatial power disturbances.

ESBWR stable operation is developed by establishing sufficiently high natural circulation flow
through inherent design features such as shorter length fuel to reduce core pressure drop and the
addition of a tall chimney above the core to promote natural circulation. Power fluctuations subject
to coupled neutronic-thermal-hydraulic feedback are inherently damped under the high natural
circulation flow operating conditions.

The Neutron Monitoring System in conjunction with the RPS design provides further protection from
coupled neutronic-thermal-hydraulic instability. Core wide and local oscillations abnormalities are
sensed, and, if protection system limits are reached, corrective action is initiated through an
automatic scram. High integrity of this protection system is achieved through the combination of
logic arrangement, trip channel redundancy, power supply redundancy, and physical separation.

The combination of inherently stable design and the instability detection and suppression systems
assure that Criterion 12 is met. For further discussions, see the following sections:

Chapter/Section Title

4.3 Nuclear Design
44 Thermal and Hydraulic Design
4D Stability Evaluation
Table 7.1-1 1&C Regulatory Requirements Applicability Matrix

31.24 Criterion 13 — Instrumentation and Control

Criterion 13 Statement

Instrumentation shall be provided to monitor variables and systems over their anticipated ranges for
normal operation, for anticipated operational occurrences, and for accident conditions as
appropriate to assure adequate safety, including those variables and systems that can affect the
fission process, the integrity of the reactor core, the reactor coolant pressure boundary, and the
containment and its associated systems. Appropriate controls shall be provided to maintain these
variables and systems within prescribed operating ranges.

3-9 Revision 0
October 2015



Fermi 3
Updated Final Safety Analysis Report

Evaluation Against Criterion 13

Modern proven BWR instrumentation and controls are provided in the ESBWR Standard Plant
design. The neutron flux in the reactor core is monitored by four subsystems. The Startup Range
Neutron Monitor (SRNM) Subsystem measures the flux from startup through 15% power (into the
power range). The power range is monitored by many detectors which make up the Local Power
Range Monitor (LPRM) Subsystem. The output of these detectors is used in many ways. The
output of selected core-wide sets of detectors is averaged to provide a core-average neutron flux.
This output is called the Average Power Range Monitor (APRM) Subsystem. The Automated Fixed
In-core Probe (AFIP) Subsystem provides a means for calibrating the LPRM. Both the SRNM and
APRM Subsystems generate scram trips to the RPS. They also generate rod-block trips.

The RPS protects the fuel barriers and the nuclear process barrier by monitoring plant parameters
and causing a reactor scram when predetermined setpoints are exceeded. Separation of the scram
and normal rod control function prevents failures in the reactor manual control circuitry from
affecting the scram circuitry. To provide protection against the consequences of accidents involving
the release of radioactive materials from the fuel and reactor coolant pressure boundary (RCPB),
the Leak Detection and Isolation System (LD&IS) initiates automatic isolation of appropriate
pipelines whenever monitored variables exceed pre-selected operational limits.

The LD&IS provides instrumentation and controls to detect, annunciate and, in some cases, isolate
the RCPB to ensure its integrity. Also see the evaluation of GDC 30.

The Process Radiation Monitoring System (PRMS) monitors radiation levels of various processes
and provides trip signals to the LD&IS whenever pre-established limits are exceeded.

Adequate instrumentation has been provided to monitor system variables in the reactor core,
RCPB, and reactor containment. Appropriate controls have been provided to maintain the variables
in the operating range and to initiate the necessary corrective action in the event of abnormal
operational occurrence or accident.

The design of instrumentation and control systems meets the requirements of Criterion 13. For
further discussions, see the following sections:

Chapter/Section Title

54.8 Reactor Water Cleanup/Shutdown Cooling System
6.2 Containment Systems
6.3 Emergency Core Cooling Systems
Table 7.1-1 I&C Regulatory Requirements Applicability Matrix
9 Auxiliary Systems
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3.1.2.5 Criterion 14 — Reactor Coolant Pressure Boundary

Criterion 14 Statement

The reactor coolant pressure boundary shall be designed, fabricated, erected, and tested so as to
have an extremely low probability of abnormal leakage, of rapidly propagating failure, and of gross
rupture.

Evaluation Against Criterion 14

The piping and equipment pressure parts within the RCPB (as defined by Section 50.2 of
10 CFR 50) are designed, fabricated, erected, and tested in accordance with 10 CFR 50.55a to
provide a high degree of integrity throughout the plant lifetime. Systems and components within the
RCPB are classified as Quality Group A (Subsection 3.2.2.1). The RCPB is protected from
overpressure by means of pressure relieving devices. The design requirements and codes and
standards applied to this quality group help ensure high integrity in keeping with the safety-related
function.

To minimize the possibility of brittle fracture within the RCPB, the fracture toughness properties and
the operating temperature of ferritic materials are controlled to ensure adequate toughness.
Section 5.2 describes the methods utilized to control toughness properties of the RCPB materials.
Materials are to be impact tested in accordance with American Society of Mechanical Engineers
Boiler and Pressure Vessel (ASME B&PV) Code Section lll, where applicable. Where RCPB piping
penetrates the containment, the fracture toughness temperature requirements of the RCPB
materials apply.

Piping and equipment pressure parts of the RCPB are assembled and erected by welding unless
applicable codes permit flanged or threaded joints. Welding procedures are employed which
produce welds of complete fusion that are free of unacceptable defects. All welding procedures,
welders, and welding machine operators used in producing pressure containing welds are qualified
in accordance with the requirements of the ASME B&PV Code Section IX for the materials to be
welded. Qualifications records, including the results of procedure and performance qualification
tests and identification symbols assigned to each welder, are maintained.

Section 5.2 contains the detailed material and examination requirements for the piping and
equipment of the RCPB prior to and after its assembly and erection. Leakage testing and
surveillance is accomplished as described in the evaluation against Criterion 30 of the GDC.
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The design, fabrication, erection, and testing of the RCPB help assure an extremely low probability
of abnormal leakage, thus satisfying the requirements of Criterion 14. For further discussion, see
the following sections:

Chapter/Section Title

3 Design of Structures, Components, Equipment, and Systems
5.2 Integrity of Reactor Coolant Pressure Boundary
53 Reactor Vessel
5.4.8 Reactor Water Cleanup/Shutdown Cooling System
5412 Reactor Coolant System High Point Vents
6.1 Design Basis Accident Engineered Safety Feature Materials
9.3.2 Process Sampling System

3.1.2.6  Criterion 15 — Reactor Coolant System Design

Criterion 15 Statement

The reactor coolant system and associated auxiliary, control, and protection systems shall be
designed with sufficient margin to assure that the design conditions of the reactor coolant pressure
boundary are not exceeded during any condition of normal operation, including anticipated
operational occurrences.

Evaluation Against Criterion 15

The RCS consists mainly of the reactor vessel and appurtenances, and the Nuclear Boiler System
(NBS) including the main steamlines, feedwater lines and pressure-relief discharge system. The
Isolation Condenser System (ICS), and portions of the Reactor Water Cleanup/Shutdown Cooling
(RWCU/SDC) System, Gravity Driven Cooling System (GDCS), and Control Rod Drive (CRD)
System are also part of the RCS.

The auxiliary, control, and protection systems associated with the RCS act to provide sufficient
margin to assure that the design conditions of the RCPB are not exceeded during any condition of
normal operation, including AOOs. As described in the evaluation of Criterion 13, instrumentation is
provided to monitor variables to verify that they are within prescribed operating limits. If the
monitored variables exceed their predetermined settings, the auxiliary, control, and protection
systems automatically respond to maintain the variables and systems within allowable design limits.

An example of the integrated protective action scheme is the Isolation Condenser System (ICS).
Upon receipt of an overpressure signal, the ICS automatically initiates to assure that the design
conditions of the RCPB are not exceeded. In addition to the ICS, overpressure protection of the
Reactor Pressure Vessel (RPV) system and RCPB is provided by pressure-operated safety relief
valves (SRVs) that discharge steam from the main steamlines to the suppression pool. The
pressure relief system also provides for automatic depressurization of the RCS in the event of a
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LOCA in which the vessel is not depressurized by the accident. The depressurization of the RCS in
this situation allows operation of the GDCS to supply enough cooling water to adequately cool the
core.

In a similar manner, other auxiliary, control, and protection systems provide assurance that the
design conditions of the RCPB are not exceeded during any conditions of normal operation,
including AOOs, so that Criterion 15 is met. For further discussion, see the following sections:

Chapter/Section Title

3 Design of Structure, Components, Equipment, and Systems
5.2.2 Overpressure Protection
54.8 Reactor Water Cleanup/Shutdown Cooling System
Table 7.1-1 1&C Regulatory Requirements Applicability Matrix
15 Safety Analyses

3.1.2.7  Criterion 16 — Containment Design

Criterion 16 Statement

Reactor containment and associated systems shall be provided to establish an essentially leak-tight
barrier against the uncontrolled release of radioactivity to the environment and to assure that the
containment design conditions important to safety are not exceeded for as long as postulated
accident conditions require.

Evaluation Against Criterion 16
The Primary Containment System consists of the following major structures and components:

» Aleaktight containment vessel encloses the RPV, the RCPB, and other branch connections of
the reactor primary coolant system. The containment vessel is a reinforced concrete cylindrical
structure with an internal leaktight steel liner providing the primary containment boundary. The
containment vessel structure consists of the drywell top slab, cylindrical containment wall,
suppression pool floor slab, RPV pedestal, and the basemat. A steel drywell head closes the
opening in the top of the containment vessel for servicing and refueling the RPV. The upper
drywell encloses the upper portion of the RPV, the major piping systems (main steam,
feedwater, GDCS, and ICS lines, SRVs, Depressurization Valves [DPVs]), Drywell Cooling
System (DCS), GDCS pools, and other miscellaneous systems. The lower drywell encloses the
lower portion of the RPV and encloses the cooling system ducts, fine motion control rod drives
(FMCRDs), and other miscellaneous systems as well as providing maintenance space below
the RPV.

» The wetwell includes the suppression pool, horizontal vents and airspace above the suppression
pool. The water volume in the suppression pool serves as a heat sink to condense the steam
released during a LOCA or SRV discharge. The airspace volume in the wetwell serves as the

3-13 Revision 0
October 2015



Fermi 3
Updated Final Safety Analysis Report

blowdown reservoir for the nitrogen displaced from the upper and lower drywells during a LOCA
after it passes through the horizontal vents and suppression pool.

» Associated containment penetrations and isolation devices.

The drywell and wetwell condense the steam and contain fission product releases from the
postulated design basis accident (DBA) (i.e., the double-ended rupture of the largest pipe in the
RCS). The leaktight containment vessel prevents the release of fission products to the environment.

Temperature and pressure in the containment vessel are limited following an accident by using the
Passive Containment Cooling System (PCCS), an Engineered Safety Feature (ESF) system to
condense steam in the containment atmosphere. Additionally, the Isolation Condensers (ICs) and
the RWCU/SDC system can assist in cooling reactor steam and reactor water coolants following an
accident. The Fuel and Auxiliary Pools Cooling System (FAPCS) and RWCU/SDC can be used to
cool the suppression pool water. Safety analyses demonstrate that important containment
parameters are maintained within design limits for as long as required.

The design of the containment structure and associated systems meets the requirements of
Criterion 16. For further discussion, see the following sections:

Chapter/Section Title

3.8.1 Concrete Containment
6.2 Containment Systems
Table 7.1-1 1&C Regulatory Requirements Applicability Matrix

3.1.2.8 Criterion 17 — Electric Power Systems

Criterion 17 Statement

An onsite electric power system and an offsite electric power system shall be provided to permit
functioning of structures, systems, and components important to safety. The safety function of each
system (assuming the other system is not functioning) shall be to provide sufficient capacity and
capability to assure that (1) specified acceptable fuel design limits and design conditions of the
reactor coolant pressure boundary are not exceeded as a result of anticipated operational
occurrences and (2) the core is cooled and containment integrity and other vital functions are
maintained in the event of postulated accidents.

The onsite electric power supplies, including the batteries, and the onsite electric distribution
system shall have sufficient independence, redundancy, and testability to perform their safety
functions assuming a single failure.

Electric power from the transmission network to the onsite electric distribution system shall be
supplied by two physically independent circuits (not necessarily on separate rights of way) designed
and located so as to minimize to the extent practical the likelihood of simultaneous failure under
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operating and postulated accident and environmental conditions. A switchyard common to both
circuits is acceptable. Each of these circuits shall be designed to be available in sufficient time
following a loss of all onsite alternating current power supplies and the other off-site electric power
circuit, to assure that specified acceptable fuel design limits and design conditions of the reactor
coolant pressure boundary are not exceeded. One of these circuits shall be designed to be
available within a few seconds following a loss-of-coolant accident to assure that core cooling,
containment integrity, and other vital safety functions are maintained.

Provisions shall be included to minimize the probability of losing electric power from any of the
remaining supplies as a result of, or coincident with, the loss of power generated by the nuclear
power unit, the loss of power from the transmission network, or the loss of power from the onsite
electric power supplies.

Evaluation Against Criterion 17

Onsite Electric Power System — The onsite power system is divided into multiple trains at the
Medium Voltage level(s). This arrangement allows for design and operational flexibility of the plant
non-safety fluid and mechanical systems. Separate unit auxiliary and reserve auxiliary transformers
provide both a normal preferred and alternate preferred feeds to each of the Medium Voltage power
trains. The Medium Voltage trains are divided into two categories; Power Generation and Plant
Investment Protection (PIP).

The Power Generation trains supply power to nonsafety-related loads required primarily for unit
operation.

The PIP trains supply power to permanent nonsafety-related loads, which due to their specific
functions, are generally required to remain operational at all times. The PIP trains may also be
connected to the onsite non-safety Alternating Current (AC) power supplies (Standby Diesel
Generators [SDGs]). The PIP trains also provide power to the four safety-related divisional isolation
buses, which in turn provide AC power to the battery chargers, rectifiers, and isolation bus
transformers.

In addition to the two SDGs, the design also includes two Ancillary Diesel Generators (ADGs). The
ADGs provide electrical power to a subset of the loads on the PIP trains and loads that have been
classified as Criterion B under the Regulatory Treatment of Non-Safety Systems Program (Section
19A.3).

Each division of the safety-related power distribution system is provided with physically separated
and electrically independent batteries sized to supply normal and emergency power to the
engineered safety systems in the event of loss of all other preferred AC power sources.

The onsite Direct Current (DC) power includes both safety-related and nonsafety-related systems.
These DC systems include plant batteries and battery chargers and their DC load, the DC/AC
inverters and the inverter loads.
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The safety loads utilize safety-related AC power for systems required for safety. DC power from the
four divisional safety-related batteries is converted to AC power by the safety-related DC/AC
inverters to provide the necessary electrical power. The systems required for safety are:

* RPS
» Engineered Safety Features Systems
« ICS
Standby Liquid Control (SLC) system

Safety-related information systems

Offsite Electric Power System — The offsite power system consists of the set of electrical circuits
and associated equipment that is used to interconnect the offsite transmission system with the plant
main generator and the onsite electrical power distribution system.

The system includes the plant switchyard and the high voltage tie lines to the unit auxiliary and
Reserve Auxiliary Transformer (RAT) disconnects at the switchyard side of the Unit Auxiliary
Transformers (UATs) and RATSs.

The offsite power system begins at the terminals on the transmission system side of the main
generator circuit breakers and the switchyard side of the UAT and RAT disconnects, which connect
to the offsite transmission systems.

Power is supplied to the plant from two electrically independent and physically separate offsite
power sources as follows:

* “Normal Preferred” source through the UATs
» “Alternate Preferred” source through the RATs

During plant startup, normal or emergency shutdown, or during plant outages, the offsite power
system serves to supply power from the offsite transmission system to the plant auxiliary and
service loads. During normal operation, the offsite power system is used to transmit generated
power to the offsite transmission system and to the plant auxiliary and service loads.

The design of the offsite power systems is outside the scope of the ESBWR Standard Plant design.
However, offsite power system requirements that meet the requirements of Criterion 17 are
provided in Section 8.2. The onsite electric power systems are designed to meet the requirements
of Criterion 17.

The ESBWR DC onsite power systems are adequate to accomplish required safety-related
functions under all postulated accident conditions. The ESBWR does not require AC power (other
than that provided by the uninterruptible power supplies) to achieve safe shutdown or to perform
any safety-related function. Therefore, onsite safety-related DC power systems are applicable for
Regulatory Guide (RG) 1.93 conformance; onsite AC power systems and offsite AC power systems
are excluded from conformance with RG 1.93.
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For further discussion, see the following sections:

Chapter/Section Title

5.4.6 Isolation Condenser System
5412 Reactor Coolant System High Point Vents
6.3 Emergency Core Cooling Systems
8.1.5.2 Onsite Power

Offsite Power Systems
8.3 Onsite Power Systems
9.3.5 Standby Liquid Control System

3.1.2.9 Criterion 18 — Inspection and Testing of Electric Power Systems

Criterion 18 Statement

Electric power systems important to safety shall be designed to permit appropriate periodic
inspection and testing of important areas and features, such as wiring, insulation, connections, and
switchboards, to assess the continuity of the systems and the condition of their components. The
systems shall be designed with a capability to test periodically (1) the operability and functional
performance of the components of the systems, such as onsite power sources, relays, switches,
and buses, and (2) the operability of the systems as a whole and, under conditions as close to
design as practical, the full operation sequence that brings the systems into operation, including
operation of applicable portions of the protection system, and the transfer of power among the
nuclear power unit, the offsite power system, and the onsite power system.

Evaluation Against Criterion 18

All safety-related loads are normally supplied directly through DC to AC inverters. Capability is
provided for testing each battery, rectifier, battery charger, and inverter without disrupting power to
the safety-related loads.

Design of the safety-related power system provides testability in accordance with the requirements
of Criterion 18. For further discussion, see the following sections:
Chapter/Section Title
8.1.5.2 Onsite Power
Offsite Power Systems

8.3 Onsite Power Systems
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3.1.2.10 Criterion 19 — Control Room

Criterion 19 Statement

A control room shall be provided from which actions can be taken to operate the nuclear power unit
safely under normal conditions and to maintain it in a safe condition under accident conditions,
including loss-of-coolant accidents. Adequate radiation protection shall be provided to permit
access and occupancy of the control room under accident conditions without personnel receiving
radiation exposures in excess of 5 rem whole body, or its equivalent to any part of the body, for the
duration of the accident. Equipment at appropriate locations outside the control room shall be
provided (1) with a design capability for prompt hot shutdown of the reactor, including necessary
instrumentation and controls to maintain the unit in a safe condition during hot shutdown, and (2)
with a potential capability for subsequent cold shutdown of the reactor through the use of suitable
procedures.

Applicants for and holders of construction permits and operating licenses under this part who apply
on or after January 10, 1997, applicants for design approvals or certifications under part 52 of this
chapter who apply on or after January 10, 1997, applicants for and holders of combined licenses or
manufacturing licenses under part 52 of this chapter who do not reference a standard design
approval or certification, or holders of operating licenses using an alternative source term under §
50.67, shall meet the requirements of this criterion, except that with regard to control room access
and occupancy, adequate radiation protection shall be provided to ensure that radiation exposures
shall not exceed 0.05 Sv (5 rem) total effective dose equivalent (TEDE) as defined in § 50.2 for the
duration of the accident.

Evaluation Against Criterion 19

The control room contains the controls and necessary surveillance equipment for operation of the
plant systems, including the reactor and its auxiliary systems, ESFs, turbine generator, steam and
power conversion systems, and station electrical distribution.

The control room is located in the Control Building (CB). Safe occupancy of the control room during
abnormal conditions is provided in the design. Adequate shielding is provided to maintain radiation
levels in the control room within prescribed limits in the event of a DBA for the duration of the
accident.

The control room ventilation system has redundant equipment and includes radiation, toxic gas and
smoke detectors with appropriate alarms and interlocks. The control room intake air can be filtered
through high efficiency particulate air/absolute and charcoal filters. If any of the above hazards exist
at the normal control room ventilation intake, habitability is assured by the Control Room
Habitability Area HVAC Subsystem (CRHAVS), which upon isolation of the control room provides a
positive air purge through an Emergency Filter Unit (EFU).
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The control room is continuously occupied by qualified operating personnel under both operating
and accident conditions. In the unlikely event that the control room must be vacated and access is
restricted, instrumentation and controls are provided by two divisional Remote Shutdown System
(RSS) panels located outside the control room in the Reactor Building (RB). Either or both of the
RSS panels can be utilized to safely perform a hot shutdown and a subsequent cold shutdown of
the reactor.

The control room design meets the requirements of Criterion 19. For further discussion, see the
following sections:

Chapter/Section Title

54.7 Residual Heat Removal System
5.4.12 Reactor Coolant System High Point Vents
6.3 Emergency Core Cooling Systems
6.4 Control Room Habitability Systems
Table 7.1-1 1&C Regulatory Requirements Applicability Matrix
9.4.1 Control Building HVAC System
9.4.7 Electrical Building HVAC System
11.5 Process Radiation Monitoring System
12.3 Radiation Protection
12.3.3 Ventilation
18.1.1 Design Goals and Design Bases
19A Regulatory Treatment of Non-Safety Systems
3.1.3 Group lll — Protection and Reactivity Control Systems

3.1.3.1  Criterion 20 — Protection System Functions

Criterion 20 Statement

The protection system shall be designed (1) to initiate automatically the operation of appropriate
systems including the reactivity control systems, to assure that specified acceptable fuel design
limits are not exceeded as a result of anticipated operational occurrences and (2) to sense accident
conditions and to initiate the operation of systems and components important to safety.

Evaluation Against Criterion 20

The RPS is designed to provide timely protection against the onset and consequences of conditions
that threaten the integrity of the fuel barrier and RCPB barrier. Fuel damage is prevented by
initiation of an automatic reactor shutdown if monitored variables of the nuclear steam supply
system (NSSS) (Section 7.2) exceed pre-established limits of AOOs. Scram trip settings are
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selected and verified to be far enough above or below operating levels to provide proper protection
but not be subject to spurious scrams. The RPS includes the uninterruptible power sources,
sensors, transmitters, bypass circuitry, and switches that signal the control rod system to scram and
shut down the reactor. The scrams initiated by the Neutron Monitoring System (NMS) signals,
nuclear boiler high pressure, and reactor vessel low and high water levels prevent fuel damage
following abnormal operational transients. Specifically, these process parameters initiate a scram in
time to prevent the core from exceeding thermal hydraulic safety limits during abnormal operational
transients. Response by the RPS is prompt and the total scram time is short.

In addition to the RPS, which provides for automatic shutdown of the reactor to prevent fuel
damage, protection systems are provided to sense accident conditions and to initiate automatically
the operation of other safety-related systems and components. Other systems automatically isolate
the reactor vessel or the containment to prevent the release of significant amounts of radioactive
materials from the fuel and the RCPB. The controls and instrumentation for the Emergency Core
Cooling System (ECCS) and the isolation systems are initiated automatically when monitored
variables exceed pre-selected operational limits.

The design of the protection system satisfies the functional requirements as specified in
Criterion 20. For further discussion, see the following sections:

Chapter/Section Title
Table 7.1-1 I&C Regulatory Requirements Applicability Matrix

3.1.3.2  Criterion 21 — Protection System Reliability and Testability

Criterion 21 Statement

The protection system shall be designed for high functional reliability and inservice testability
commensurate with the safety functions to be performed. Redundancy and independence designed
into the protection system shall be sufficient to assure that (1) no single failure results in loss of the
protection function and (2) removal from service of any component or channel does not result in
loss of the required minimum redundancy unless the acceptable reliability of operation of the
protection system can be otherwise demonstrated.

The protection system shall be designed to permit periodic testing of its functioning when the
reactor is in operation, including a capability to test channels independently to determine failures
and losses of redundancy that may have occurred.

Evaluation Against Criterion 21

RPS design provides assurance that, through redundancy, each channel has sufficient reliability to
fulfill the single-failure criterion. No single component failure, intentional bypass maintenance
operation, calibration operation, or test to verify operational availability, impairs the ability of the
system to perform its intended safety function. Additionally, the system design assures that when a
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scram trip point is exceeded, there is a high scram probability. However, should a scram not occur
from the RPS, the Alternate Rod Insertion (ARI) actuates when the trip points are exceeded. There
is sufficient electrical and physical separation between channels and between logics monitoring the
same variable to prevent environmental factors, electrical transients, and physical events from
impairing the ability of the system to respond correctly.

The RPS includes design features that permit in-service testing. This ensures the functional
reliability of the system should the reactor variable exceed the corrective action setpoint.

The RPS initiates an automatic reactor shutdown if the monitored plant variables exceed
pre-established limits. This system is arranged as four separately powered divisions. Each division
has a logic that can produce an automatic trip signal. The logic scheme is a two-out-of-four
arrangement.

The RPS can be tested during reactor operation. Manual scram testing is performed by operating
one of the four manual scram controls; this tests one division. The total tests verify the ability to
de-energize the scram pilot valve solenoids. Indicating lights verify that the actuator’s contacts have
opened. This capability for a thorough testing program significantly increases reliability.

CRD operability can be tested during normal reactor operation. Rod position indicators and in-core
neutron detectors are used to verify control rod movement. Each control rod can be withdrawn one
step and then reinserted to the original position without significantly perturbing the NSSS at most
power levels. One control rod is tested at a time. Hydraulic supply subsystem pressure can be
observed on control room instrumentation.

The high functional reliability, redundancy, and in-service testability of the protection system satisfy
the requirements specified in Criterion 21. For further discussion, see the following sections:

Chapter/Section Title
Table 7.1-1 I&C Regulatory Requirements Applicability Matrix

3.1.3.3  Criterion 22 — Protection System Independence

Criterion 22 Statement

The protection system shall be designed to assure that the effects of natural phenomena, and of
normal operating, maintenance, testing, and postulated accident conditions on redundant channels
do not result in loss of the protection function, or shall be demonstrated to be acceptable on some
other defined basis. Design techniques, such as functional diversity or diversity in component
design and principles of operation, shall be used to the extent practical to prevent loss of the
protection function.
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Evaluation Against Criterion 22

Components of the protection system are designed so that the mechanical, thermal and
radiological environmental conditions resulting from any accident situation in which the components
are required to function do not interfere with the operation of that function. The redundant sensors
are electrically and physically separated. Only circuits of the same division are run in the same
raceway. Multiplexed signals are carried out by fiber optic medium to assure control signal isolation.

The RPS is designed to permit maintenance and diagnostic work while the reactor is operating,
without restricting the plant operation or hindering the output of safety functions. The flexibility in
design afforded the protection system allows operational system testing by the use of independent
input for each actuator logic. When a safety-related monitored variable exceeds its scram trip point,
it is sensed by four independent sensors, each located in a separate instrumentation channel. A
bypass of any single channel is permitted for maintenance operation, test, etc. This leaves three
channels per monitored variable, each of which is capable of initiating a scram. Only two actuator
logics must trip to initiate a scram. Thus, the two-out-of-four arrangement assures that a scram
occurs as a monitored variable exceeds its scram setting.

The protection system meets the design requirements for functional and physical independence as
specified in Criterion 22. For further discussion, see the following sections:

Chapter/Section Title
Table 7.1-1 1&C Regulatory Requirements Applicability Matrix

3.1.3.4  Criterion 23 — Protection System Failure Modes

Criterion 23 Statement

The protection system shall be designed to fail into a safe state or into a state demonstrated to be
acceptable on some other defined basis if conditions such as disconnection of the system, loss of
energy (e.g., electric power, instrument air), or postulated adverse environments (e.g., extreme
heat or cold, fire, pressure, steam, water, and radiation) are experienced.

Evaluation Against Criterion 23

The Reactor Protection (trip) System is designed to fail into a safe state. Use of independent
channels allows the system to sustain any logic channel failure without preventing other sensors
monitoring the same variable from initiating a scram. With a two-out-of-four logic design, the trip of
any two channels initiates a scram. Intentional bypass for maintenance or testing causes the scram
logic to revert to two-out-of-three. A failure of any one reactor protection input or subsystem
component produces a trip in one channel. This condition is insufficient to produce a reactor scram,
and the system performs its protective function upon trip of another channel. Failure of inputs or
subsystem components in two channels produces a reactor scram.
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The environmental conditions in which the instrumentation and equipment of the reactor protection
must operate were considered in establishing the component specifications. Instrumentation
specifications are based on the worst expected ambient conditions in which the instruments must
operate.

The fail-safe design of the Reactor Protection (trip) System meets the requirements of Criterion 23.
For further discussion, see the following sections:

Chapter/Section Title

3.1 Environmental Qualification of Mechanical and Electrical Equipment
4.6 Functional Design of Reactivity Control System
Table 7.1-1 1&C Regulatory Requirements Applicability Matrix

3.1.3.5 Criterion 24 — Separation of Protection and Control Systems

Criterion 24 Statement

The protection system shall be separated from control systems to the extent that failure of any
single control system component or channel or failure or removal from service of any single
protection system component or channel which is common to the control and protection systems
leaves intact a system satisfying all reliability, redundancy, and independence requirements of the
protection system. Interconnection of the protection and control systems shall be limited to assure
that safety is not significantly impaired.

Evaluation Against Criterion 24

There is separation between the RPS and the process control systems. Logic channel and actuator
logics of the RPS are not used directly for automatic control of process systems. Sensor outputs
may be shared, but each signal is optically isolated before entering a redundant or
nonsafety-related channel interface. Therefore, failure in the controls and instrumentation of
process systems cannot induce failure of any portion of the protective system. Scram reliability is
designed into the RPS and Hydraulic Control Unit (HCU) for the CRD. The scram signal and mode
of operation override all other signals.

The systems that isolate containment and the RPV are designed so that any one failure,
maintenance operation, calibration operation, or test to verify operational availability does not
impair the functional ability of the isolation systems to respond to safety-related variables.

The protection system is separated from control systems as required in Criterion 24. For further
discussion, see the following sections:

Chapter/Section Title
Table 7.1-1 1&C Regulatory Requirements Applicability Matrix
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3.1.3.6 Criterion 25 — Protection System Requirements for Reactivity Control
Malfunctions

Criterion 25 Statement

The protection system shall be designed to assure that specified acceptable fuel design limits are
not exceeded for any single malfunction of the reactivity control systems, such as accidental
withdrawal (not ejection or dropout) of control rods.

Evaluation Against Criterion 25

The RPS provides protection against the onset and consequences of conditions that threaten the
integrity of the fuel barrier and the RCPB. Any monitored variable, which exceeds the scram
setpoint, initiates an automatic scram and does not impair the remaining variables from being
monitored, and if one channel fails, the remaining portion shall function.

The Rod Control and Information System (RC&IS) is designed so that no single failure can negate
the effectiveness of a reactor scram. The circuitry of the RC&IS is completely independent of the
circuitry controlling the scram valves. This separation of the scram and normal rod control functions
prevents failures in the reactor normal circuitry from affecting the scram circuitry. Because one or
two control rods are controlled by an individual HCU, a failure that results in continued energizing of
an insert solenoid valve on a HCU can affect, at most, two control rods. The effectiveness of a
reactor scram is not impaired by the malfunctioning of any one HCU or two control rods.

The design of the protection system assures that specified acceptable fuel limits are not exceeded
for any single malfunction of the reactivity control systems as specified in Criterion 25. For further
discussion, see the following sections:

Chapter/Section Title
4.6 Functional Design of Reactivity Control System

Table 7.1-1 I1&C Regulatory Requirements Applicability Matrix

3.1.3.7  Criterion 26 — Reactivity Control System Redundancy and Capability

Criterion 26 Statement

Two independent reactivity control systems of different design principles shall be provided. One of
these systems shall use control rods, preferably including a positive means for inserting the rods,
and shall be capable of reliably controlling reactivity changes to assure that under conditions of
normal operation, including anticipated operational occurrences, and with appropriate margin for
malfunctions such as stuck rods, specified acceptable fuel design limits are not exceeded. The
second reactivity control system shall be capable of reliably controlling the rate of reactivity
changes resulting from planned, normal power changes (including xenon burnout) to assure
acceptable fuel design limits are not exceeded. One of the systems shall be capable of holding the
reactor core subcritical under cold conditions.
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Evaluation Against Criterion 26

Two independent reactivity control systems utilizing different design principles are provided. The
normal method of reactivity control employs control rod assemblies, which contain boron carbide
(B4C), hafnium or other approved material. A SLC system is also provided.

Positive insertion of these control rods is provided redundantly by means of the CRD electrical and
hydraulic systems. The control rods are capable of reliably controlling reactivity changes during
normal operation (e.g., power changes, power shaping, xenon burnout, normal startup and
shutdown) via electrical powered insertions and withdrawals. The control rods are also capable of
maintaining the core within acceptable fuel design limits during AOOs via the hydraulic powered
automatic scram function. The unlikely occurrence of a limited number of stuck rods during a scram
does not adversely affect the capability to maintain the core within fuel design limits.

The CRD system is capable of maintaining the reactor core subcritical under cold conditions, even
when the pair of the control rods of the highest worth controlled by a HCU is assumed to stick in the
fully withdrawn position. This shutdown capability of the CRD system is made possible by designing
the fuel with burnable poison (Gadolinium Oxide [Gd;O3]) to control the high reactivity of fresh fuel.

The circuitry for electrical powered insertion or withdrawal of control rods is completely independent
of the circuitry for hydraulic powered reactor scram. This separation of the scram and normal rod
control functions prevents failures in the reactor manual-control circuitry from affecting the scram
circuitry. Two sources of energy (accumulator pressure and electrical power to the motors of
FMCRDs) are available for control rod insertion over the entire range of reactor pressure (i.e., from
operating conditions to cold shutdown). The design of the CRD system includes appropriate margin
for malfunctions such as stuck rods in the unlikely event that they do occur. Control rod withdrawal
sequences and patterns are selected prior to operation to achieve optimum core performance and,
simultaneously, low individual control rod worth. The operating procedures to accomplish such
patterns are supplemented by the RC&IS, which prevent rod withdrawals yielding a rod worth
greater than permitted by the pre-selected rod withdrawal pattern. Because of the carefully planned
and regulated rod withdrawal sequence, prompt shutdown of the reactor can be achieved with the
insertion of a small number of the many independent control rods.

A SLC system containing a neutron-absorbing sodium pentaborate solution is the independent
backup system. This system has the capability to shut the reactor down from full power and
maintain it in subcritical condition at any time during the core life. The reactivity control is provided
to reduce reactor power from rated power to cold shutdown conditions, with the control rods
withdrawn in the power pattern, accounting for the reactivity effects of the xenon decay, elimination
of steam voids, change in water density due to the reduction in water temperature, Doppler effect in
uranium, change in the neutron leakage from boiling to cold, and change in the rod worth as boron
affects the neutron migration length.
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The redundancy and capabilities of the reactivity control systems for the ESBWR satisfy the
requirements of Criterion 26. For further discussion, see the following sections:

Chapter/Section Title

3.9 Mechanical Systems and Components
4.3 Nuclear Design
4.6 Functional Design of Reactivity Control System
Table 7.1-1 1&C Regulatory Requirements Applicability Matrix
9.3.2 Process Sampling System
9.35 Standby Liquid Control System

3.1.3.8  Criterion 27 — Combined Reactivity Control Systems Capability

Criterion 27 Statement

The reactivity control systems shall be designed to have a combined capability, in conjunction with
poison addition by the emergency core cooling system, of reliably controlling reactivity changes to
assure that under postulated accident conditions and with appropriate margin for stuck rods, the
capability to cool the core is maintained.

Evaluation Against Criterion 27

There is no credible event applicable to the ESBWR that requires combined capability of the CRD
system and the SLC system. The ESBWR design is capable of maintaining the reactor core
subcritical, including allowance for a pair of stuck rods controlled by a HCU, without addition of any
poison to the reactor coolant. The primary reactivity control system for the ESBWR during
postulated accident conditions is the CRD system. Abnormalities are sensed, and, if protection
system limits are reached, corrective action is initiated through automatic insertion of control rods.
High integrity of the protection system is achieved through the combination of logic arrangement,
actuator redundancy, power supply redundancy, and physical separation. High reliability of reactor
scram is further achieved by separation of individual HCUs controlling a pair of control rods and by
fail-safe design features built into the CRD system. Response by the RPS is prompt and the total
scram time is short.

In the very unlikely event that more than one control rod fails to insert and the core cannot be
maintained subcritical by control rods alone, the SLC system can be actuated to insert soluble
boron into the reactor core. The SLC system has sufficient capacity to ensure that the reactor can
always be maintained subcritical; and, hence, only decay heat is generated by the core, which can
be removed by the appropriate decay heat removal systems (e.g., ICS), thereby ensuring that the
core is always coolable.

The design of the reactivity control systems ensure reliable control of reactivity under postulated
accident conditions with appropriate margin for stuck rods. The capability to cool the core is
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maintained under postulated accident conditions; thus, Criterion 27 is satisfied. For further
discussion, see the following sections:

Chapter/Section Title

3.9 Mechanical Systems and Components
4.3 Nuclear Design
4.4 Thermal and Hydraulic Design
4.6 Functional Design of Reactivity Control System
6.3 Emergency Core Cooling Systems
Table 7.1-1 1&C Regulatory Requirements Applicability Matrix
9.35 Standby Liquid Control System

3.1.3.9  Criterion 28 — Reactivity Limits

Criterion 28 Statement

The reactivity control systems shall be designed with appropriate limits on the potential amount and
rate of reactivity increase to assure that the effects of postulated reactivity accidents can neither (1)
result in damage to the reactor coolant pressure boundary greater than limited local yielding nor (2)
sufficiently disturb the core, its support structures, or other reactor pressure vessel internals to
impair significantly the capability to cool the core. These postulated reactivity accidents shall
include consideration of rod ejection (unless prevented by positive means), rod dropout, steam line
rupture, changes in reactor coolant temperature and pressure, and cold water addition.

Evaluation Against Criterion 28

The combined features of the CRD system and the RC&IS designs incorporate appropriate limits
on the potential amount and rate of reactivity increase. Control rod withdrawal sequences and
patterns are selected to achieve optimum core performance and low individual rod worth. The
RC&IS prevents any withdrawal other than the pre-selected rod withdrawal pattern. The RC&IS
function assists the operator with an effective backup control rod monitoring routine that enforces
adherence to established startup, shutdown and power operation control rod procedures.

The CRD mechanical design incorporates a passive brake and hydraulic inlet check valve that
individually prevent rapid rod ejection. The brake spring holds the rod in position if there is a break
in the FMCRD primary pressure boundary. The check valve prevents rod ejection if there is a failure
of the scram insert line. The FMCRD includes a separation switch that detects when withdrawal of a
stuck control rod is being attempted and stops rod motion. Normal rod movement and the rod
withdrawal rate are limited through the fine motion control motor.

The Safety Analyses evaluate the postulated reactivity accidents, as well as abnormal operational
transients, in detail. Analyses are included for steam line break, changes in reactor coolant
temperature and pressure, and cold water addition. The initial conditions, assumptions,
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calculational models, sequences of events, and anticipated results of each postulated occurrence
are covered in detail. The results of these analyses indicate that none of the postulated reactivity
transients or accidents results in damage to the RPV internals, so that the capability to cool the core
is not impaired.

The design features of the RC&IS, which limit the potential amount and rate of reactivity increase,
ensure that Criterion 28 is satisfied for postulated reactivity accidents. For further discussion, see
the following sections:

Chapter/Section Title
4.6 Functional Design of Reactivity Control System

Table 7.7-1 I&C Regulatory Requirements Applicability Matrix

3.1.3.10 Criterion 29 — Protection Against Anticipated Operational Occurrences

Criterion 29 Statement

The protection and reactivity control systems shall be designed to assure an extremely high
probability of accomplishing their safety functions in the event of anticipated operational
occurrences.

Evaluation Against Criterion 29

The high functional reliability of the RPS and reactivity control system is achieved through the
combination of logic arrangement, redundancy, physical and electrical independence, functional
separation, fail-safe design, and in-service testability. These design features are discussed in detail
in Criteria 21, 22, 23, 24, and 26.

A thorough program of in-service testing and surveillance maintains an extremely high reliability of
timely response to AOOs.

Safety-related components, such as CRDs, RPS components, etc., are testable during normal
reactor operation. Functional testing and calibration schedules are developed using available
failure rate data, reliability analyses, and operating experience. These schedules represent an
optimization of protection and reactivity control system reliability effects during individual
component testing on the portion of the system not undergoing test. The capability for in-service
testing ensures the high functional reliability of protection and reactivity control systems if a reactor
variable exceeds the corrective action setpoint.
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The capabilities of the protection and reactivity control systems to perform their safety functions in
the event of AOOs satisfy the requirements of Criterion 29. For further discussion, see the following
sections:

Chapter/Section Title

3.9 Mechanical Systems and Components
4.6 Functional Design of Reactivity Control System
Table 7.1-1 I&C Regulatory Requirements Applicability Matrix

3.1.4 Group IV — Fluid Systems
3.1.4.1  Criterion 30 — Quality of Reactor Coolant Pressure Boundary

Criterion 30 Statement

Components which are part of the reactor coolant pressure boundary shall be designed, fabricated,
erected, and tested to the highest quality standards practical. Means shall be provided for detecting
and, to the extent practical, identifying the location of the source of reactor coolant leakage.

Evaluation Against Criterion 30

By utilizing conservative design practices and detailed quality control procedures, the pressure
retaining components of the RCPB are designed and fabricated to retain their integrity during
normal and postulated accident conditions (Subsection 3.1.2.5). Accordingly, components that
comprise the RCPB are designed, fabricated, erected, and tested in accordance with recognized
industry codes and standards listed in Chapter 5 and Table 3.2-1. Further product and process
quality planning are provided as described in Chapter 17 to assure conformance with the applicable
codes and standards, and to retain appropriate documented evidence verifying compliance.
Because the subject matter of this criterion deals with aspects of the RCPB, further discussion on
this subject is treated in the response to Criterion 14.

Means are provided for detecting leakage in the RCPB. The LD&IS consists of sensors and
instruments to detect, annunciate, and, in some cases, isolate the RCPB from potentially
hazardous leaks before predetermined limits are exceeded. Small leaks are detected by
temperature and pressure changes, increased frequency of sump pump operation, and increased
airborne radioactivity. In addition to these means of detection, large leaks are detected by changes
in flow rates in process lines, and changes in reactor water level. The allowable leakage rates have
been based on the predicted and experimentally determined behavior of cracks in pipes, the ability
to makeup to the RCS, the normally expected background leakage due to equipment design, and
the detection capability of the various sensors and instruments.
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The RCPB and the LD&IS are designed to meet requirements of Criterion 30. For further
discussion, see the following sections:

Chapter/Section Title

3.2 Classification of Structures, Systems, and Components

3.10 Seismic and Dynamic Qualification of Mechanical and Electrical

Equipment

5.2 Integrity of Reactor Coolant Pressure Boundary

5.2.5 Reactor Coolant Pressure Boundary Leakage Detection
5.3 Reactor Vessel

5.4.12 Reactor Coolant System High Point Vents

Table 7.1-1 1&C Regulatory Requirements Applicability Matrix

3.1.4.2  Criterion 31 — Fracture Prevention of Reactor Coolant Pressure Boundary

Criterion 31 Statement

The reactor coolant pressure boundary shall be designed with sufficient margin to assure that when
stressed under operating, maintenance, testing, and postulated accident conditions (1) the
boundary behaves in a nonbrittle manner and (2) the probability of rapidly propagating fracture is
minimized. The design shall reflect consideration of service temperatures and other conditions of
the boundary material under operating, maintenance, testing, and postulated accident conditions
and the uncertainties in determining (1) material properties, (2) the effect of irradiation on material
properties, (3) residual, steady-state, and transient stresses, and (4) size of flaws.

Evaluation Against Criterion 31

Brittle fracture control of pressure-retaining ferritic materials is provided to ensure protection against
non-ductile fracture. To minimize the possibility of brittle fracture failure of the RPV, the RPV is
designed to meet the requirements of ASME Code Section Il

The Nil-Ductility Transition Temperature (NDTT) is defined as the temperature below which ferritic
steel behaves in a brittle rather than ductile manner. The NDTT increases as a function of neutron
exposure at integrated neutron exposures greater than about 1x10"7 nvt with neutron energies in
excess of 1 MeV.

The reactor assembly design provides an annular space from the outermost fuel assemblies to the
inner surface of the reactor vessel that serves to attenuate the fast neutron flux incident upon the
reactor vessel wall. This annular volume contains the core shroud and reactor coolant. Assuming
plant operation at rated power and availability 100% of the plant lifetime, the cumulative neutron
fluence at the inner surface of the vessel causes a slight shift in the transition temperature.
Expected shifts in transition temperature during design life as a result of environmental conditions,
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such as neutron flux, are considered in the design. Operational limitations ensure that NDTT shifts
are accounted for in the reactor operation.

The RCPB is designed, maintained, and tested to provide adequate assurance that the boundary
behaves in a non-brittle manner throughout the life of the plant. Therefore, the RCPB is in
conformance with Criterion 31. For further discussion, see the following sections:

Chapter/Section Title

5.2 Integrity of Reactor Coolant Pressure Boundary
5.3 Reactor Vessel
54.8 Reactor Water Cleanup/Shutdown Cooling System
6.1 Design Basis Accident Engineered Safety Feature Materials

3.1.4.3 Criterion 32 — Inspection of Reactor Coolant Pressure Boundary

Criterion 32 Statement

Components which are part of the reactor coolant pressure boundary shall be designed to permit
(1) periodic inspection and testing of important areas and features to assess their structural and
leaktight integrity, and (2) an appropriate material surveillance program for the reactor pressure
vessel.

Evaluation Against Criterion 32

The RPV design and engineering effort includes provisions for in-service inspection. Access to the
annulus between the shield wall and vessel is provided by removable shield plugs and panels in the
insulation. These openings provide access for examination of the vessel and its appurtenances.
Also, removable insulation is provided on the NBS piping and valves extending out to and including
the first isolation valve outside containment. Inspection of the RCPB is in accordance with ASME
B&PV Code Section XI. Section 5.2 defines the In-service Inspection Plan, access provisions, and
areas of restricted access.

Vessel material surveillance samples are located within the RPV. The program includes specimens
of the base metal, weld metal, and heat affected zone metal.

The plant testing and inspection program ensures that the requirements of Criterion 32 are met. For
further discussion, see the following sections:

Chapter/Section Title

5.3 Reactor Vessel

3-31 Revision 0
October 2015



Fermi 3
Updated Final Safety Analysis Report

3.1.4.4  Criterion 33 — Reactor Coolant Makeup

Criterion 33 Statement

A system to supply reactor coolant makeup for protection against small breaks in the reactor
coolant pressure boundary shall be provided. The system safety function shall be to assure that
specified acceptable fuel design limits are not exceeded as a result of reactor coolant loss due to
leakage from the reactor coolant pressure boundary and rupture of small piping or other small
components which are part of the boundary. The system shall be designed to assure that for on-site
electric power system operation (assuming offsite power is not available) and for off-site electric
power system operation (assuming onsite power is not available) the system safety function can be
accomplished using the piping, pumps, and valves used to maintain coolant inventory during
normal reactor operation.

Evaluation Against Criterion 33

For small breaks without vessel depressurization and with preferred power or onsite AC power
available, coolant from nonsafety-related inventory is automatically provided to the vessel by the
nonsafety-related CRD System. Safety-related makeup from the initial inventory maintained in the
ICs while they are in Hot Standby, is also provided by ICS upon automatic startup to perform its
primary decay heat removal function. With or without preferred power and with a loss of feedwater
supply, safety-related makeup is provided by the automatic depressurization system (ADS) with
GDCS operation. Safety-related makeup is provided for the complete range of break sizes by the
GDCS. For small breaks where depressurization of the reactor vessel is necessary to achieve
GDCS flow, the ADS function (SRVs and DPVs) of the NBS operates to fully depressurize the
vessel. After vessel depressurization and GDCS coolant inventory injection, makeup for core
boil-off is provided by safety-related PCCS function through steam condensation and return to the
vessel via the GDCS.

This design combination of nonsafety-related and safety-related systems provides the plant with
ample reactor coolant makeup for protection against small leaks in the RCPB in response to AOOs
and postulated accidents. The requirements of Criterion 33 are met with these systems. For further
discussion, see the following sections:

Chapter/Section Title

5.4.6 Isolation Condenser System
Table 7.1-1 1&C Regulatory Requirements Applicability Matrix
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3.14.5 Criterion 34 — Residual Heat Removal

Criterion 34 Statement

A system to remove residual heat shall be provided. The system safety function shall be to transfer
fission product decay heat and other residual heat from the reactor core at a rate such that
specified acceptable fuel design limits and the design conditions of the reactor coolant pressure
boundary are not exceeded.

Redundancy in components and features, and suitable interconnections, leak detection, and
isolation capabilities shall be provided to assure that for onsite electric power system operation
(assuming offsite power is not available) and for offsite electric power system operation (assuming
onsite power is not available) the system safety function can be accomplished, assuming a single
failure.

Evaluation Against Criterion 34

The ICS provides the means to remove decay heat and residual heat from the NSSS at a rate such
that specified acceptable fuel design limits and the design conditions of the RCPB are not
exceeded.

The major equipment of the ICS consists of heat exchangers. The equipment is connected to the
reactor by associated valves and piping, and controls and instrumentation are provided for proper
system operation.

Simply opening one of a pair of redundant, diverse drain line valves actuates each ICS sub-loop.
Three of the four ICS sub-loops are adequate operating alone to remove residual heat from the
reactor core and to assure fuel and RCPB design limits are not exceeded following an NSSS
isolation event. The ICS provides the capability to reliably remove decay heat and residual heat
from the reactor as required by Criterion 34.

The design of the ICS meets the requirements of Criterion 34. For further discussion, see the
following sections:

Chapter/Section Title

5.4.6 Isolation Condenser System
54.7 Residual Heat Removal System
Table 7.1-1 I&C Regulatory Requirements Applicability Matrix

3.1.4.6  Criterion 35 — Emergency Core Cooling

Criterion 35 Statement

A system to provide abundant emergency core cooling shall be provided. The system safety
function shall be to transfer heat from the reactor core following any loss of reactor coolant at a rate
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such that (1) fuel and clad damage that could interfere with continued effective core cooling is
prevented and (2) clad metal-water reaction is limited to negligible amounts.

Suitable redundancy in components and features, and suitable interconnections, leak detection,
isolation, and containment capabilities shall be provided to assure that for onsite electric power
system operation (assuming offsite power is not available) and for offsite electric power system
operation (assuming onsite power is not available), the system safety function can be
accomplished, assuming a single failure.

Evaluation Against Criterion 35
The ECCS consists of the following:
- ICS
» SLC system
« GDCS
« ADS

The ECCS is designed to limit fuel cladding temperature over the complete spectrum of possible
break sizes in the RCPB, including the complete circumferential rupture of the largest pipe
connected to the RPV. The ESBWR ECCS does not rely on pumps, offsite AC power, or SDGs to
accomplish its safety function.

The ICS and GDCS provide flow to the annulus region of the reactor through their own nozzles. The
SLC system provides coolant to the bypass region of the core.

GDCS provides gravity-driven flow from three separate water pools located within the drywell at an
elevation above the active core region. It also provides water flow from the suppression pool to
meet long-term post-LOCA core cooling requirements.

ICS provides water that accumulates in heat exchangers and condensate pipe when the system is
in standby. The water flows into the vessel when the ICS is initiated. This capability is available over
the entire range of reactor vessel pressures.

SLC injects borated water into the vessel in the event of low level in the vessel for the purposes of
providing additional coolant volume.

The ADS provides reactor depressurization capability in the event of a pipe break that does not
rapidly depressurize the reactor. The ADS is a function of the NBS and is accomplished through the
combined use of squib-type permanently - opening DPVs and nitrogen operated SRVs.

The ADS operates as follows: when a confirmed low-low water level (Level 1) signal is received and
sealed-in to the ECCS logic, a number of SRVs and DPVs actuate in a sequence described in
Subsection 6.3.3. This sequence of SRV and DPV openings ensures that the RPV is depressurized
rapidly to allow GDCS initiation prior to core uncovery.
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Results of the performance of the ECCS for the entire spectrum of reactor pressure boundary line
breaks are discussed in Subsection 6.3, which provides an analysis to show that the ECCS conforms
to 10 CFR 50.46. This analysis shows complete compliance with Criterion 35 with the following
results:

* Peak cladding temperatures are below the NRC acceptable limit.

+ The amount of fuel cladding reacting with steam is well below the acceptable limit.

* The accident is terminated while the core is maintained in a coolable geometry.

» The core temperature is reduced and the decay heat can be removed for an extended period of
time.

+ The ESBWR ECCS is powered by the safety-related station batteries. The redundancy and
capability of the onsite electrical power systems are presented in the evaluation against
Criterion 17.

The design of the ECCS, including the power supply, meets the requirements of Criterion 35. For
further discussion, see the following subsections:

Chapter/Section Title

5.4.6 Isolation Condenser System
6.1 Design Basis Accident Engineered Safety Feature Materials
6.3 Emergency Core Cooling Systems
Table 7.1-1 I1&C Regulatory Requirements Applicability Matrix
9.3.5 Standby Liquid Control System

3.1.4.7  Criterion 36 — Inspection of Emergency Core Cooling System

Criterion 36 Statement

The emergency core cooling system shall be designed to permit appropriate periodic inspection of
important components, such as spray rings in the reactor pressure vessel, water injection nozzles,
and piping, to assure the integrity and capability of the system.

Evaluation Against Criterion 36

The ECCS discussed in Criterion 35 includes in-service inspection considerations. Removable
plugs in the reactor shield wall and/or panels in the insulation are provided on the ECCS piping in
the drywell.

During plant operations, the instrumentation valves, instrument piping, instrumentation, wiring, and
other components that are outside the drywell can be visually inspected at any time. Components
inside the drywell can be inspected when the drywell is open for access during outages. Portions of
the ECCS, which are part of the reactor pressure boundary, are designed to specifications for
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in-service inspection to detect defects, which might affect the cooling performance. Particular
attention is given to the GDCS nozzles.

Design of the reactor vessel and internals for in-service inspection and the plant testing program
ensure that the requirements of Criterion 36 are met. For further discussion see the following
subsections:

Chapter/Section Title

5.4.6 Isolation Condenser System
6.3 Emergency Core Cooling Systems
6.6 Preservice and Inservice Inspection and Testing of Class 2 and 3
Components and Piping
9.3.5 Standby Liquid Control System

3.1.4.8 Criterion 37 — Testing of Emergency Core Cooling System

Criterion 37 Statement

The emergency core cooling system shall be designed to permit appropriate periodic pressure and
functional testing to assure (1) the structural and leaktight integrity of its components, (2) the
operability and performance of the active components of the system, and (3) the operability of the
system as a whole and, under conditions as close to the design as practical, the performance of the
full operational sequence that brings the system into operation, including operation of applicable
portions of the protection system, the transfer between normal and emergency power sources, and
the operation of the associated cooling water system.

Evaluation Against Criterion 37

Each of the ECCS subsystems (ICS, SLC, ADS, and GDCS) is designed to permit periodic testing
to assure operability and performance of active components of each system.

The ADS DPVs, SLC and the GDCS valves cannot be tested during power operation; selected
actuators are removed and test fired during refueling outages. The GDCS check valves can be
functionally tested via dedicated test line connections every refueling outage. GDCS flow testing is
conducted as part of preoperational testing. Provisions for flushing the GDCS injection lines and
venturi within the GDCS injection nozzle are provided. The ECCS is subject to periodic tests to
verify the logic sequence that initiates ADS, ICS, SLC, and the GDCS system. A periodic self-test of
the logic circuitry is performed to verify operability.
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The design of the ECCS subsystems meets the requirements of Criterion 37. For further
discussions, see the following subsections:

Chapter/Section Title

3.9 Mechanical Systems and Components
5.4.6 Isolation Condenser System
6.3 Emergency Core Cooling Systems
6.6 Preservice and Inservice Inspection and Testing of Class 2 and 3
Components and Piping
Table 7.1-1 1&C Regulatory Requirements Applicability Matrix
9.35 Standby Liquid Control System

3.1.4.9 Criterion 38 — Containment Heat Removal

Criterion 38 Statement

A system to remove heat from the reactor containment shall be provided. The system safety
function shall be to reduce rapidly, consistent with the functioning of other associated systems, the
containment pressure and temperature following any LOCA and maintain them at acceptably low
levels.

Suitable redundancy in components and features, and suitable interconnections, leak detection,
isolation, and containment capabilities shall be provided to assure that for onsite electric power
system operation (assuming offsite power is not available) and for offsite electric power system
operation (assuming onsite power is not available) the system safety function can be accomplished,
assuming a single failure.

Evaluation Against Criterion 38

The containment heat removal function is accomplished by the PCCS and associated support
systems. The PCCS provides sufficient decay heat removal post-LOCA to assure that containment
never exceeds its design pressure and temperature.

The PCCS consists of six independent steam condensers that are an integral part of the
containment. Each PCCS condenser contains two heat exchanger modules that condense steam
on the tubeside and transfer heat to water in the Isolation Condenser/Passive Containment Cooling
System (IC/PCCS) pool which is vented to atmosphere. The IC/PCCS pool is positioned above,
and outside, the ESBWR containment (drywell). To assure availability, no valves are employed,
thus precluding inadvertent isolation of the PCCS condensers. Long-term effectiveness of the
PCCS credits an active gas recirculation system, which uses in-line fans to pull drywell gas through
the PCCS condensers. These manually actuated fans (one per train) are located on a branch from
the vent line and discharge to the GDCS pool.
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The PCCS condensers receive a steam-gas mixture supply directly from the drywell. PCCS flow is
driven by the pressure difference created between the containment drywell and the suppression
pool during a LOCA. The PCCS does not require power supplies, sensors, control logic,
power-actuated devices or operator actions to function in the first 72 hours after a LOCA. During
normal plant operation, the PCCS condensers are in “ready standby.” In order to ensure the 72
hours of passive operation of the PCCS, the pool cross-connect valves, which are part of the ICS,
must open to allow water to flow from the equipment pool to the IC/PCCS inner expansion pools.
These valves are controlled by the Q-DCIS.

The PCCS is designed to Quality Group B Requirements per Regulatory Guide (RG) 1.26. The
system is designed as Seismic Category | per RG 1.29. The common pool that the PCCS
condensers share with the ICs of the ICS is an ESF. This pool is designed such that no locally
generated force (such as an IC tube rupture) can destroy its function. Protection requirements
against mechanical damage, fire and flood apply to the common IC/PCCS pool.

The safety-related IC/PCCS pool subcompartments provide protection for the PCCS condensers to
comply with 10 CFR 50, Appendix A, Criteria 2 and 4.

The PCCS condensers do not fail in a manner that damages the safety-related IC/PCCS pool
because it is designed to withstand the induced dynamic loads, which are caused by combined
seismic, DPV/SRV or LOCA conditions in addition to PCCS operating loads.

The PCCS provides the containment heat removal function required in Criterion 38. For further
discussion, see the following subsections:

Chapter/Section Title

6.2.2 Passive Containment Cooling System

Table 7.1-1 I&C Regulatory Requirements Applicability Matrix

3.1.4.10 Criterion 39 — Inspection of Containment Heat Removal System

Criterion 39 Statement

The containment heat removal system shall be designed to permit appropriate periodic inspection
of important components, such as the torus, sump