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3.0 DESIGN OF STRUCTURES. COMPONENTS. EQUIPMENT, AND SYSTEMS

This chapter describes the principal architectural and engineering design aspects of the
Quad Cities Station. These include the structural and environmental design requirements
imposed by consideration of natural phenomena and plant accidents. In addition, the
chapter discusses, in Section 3.1, conformance of the plant design with general regulatory
design criteria, and, in Section 3.2, systems for classifying plant structures, systems and
components.

3.1 CONFORMANCE WITH NRC GENERAL DESIGN CRITERIA

The following section presents the proposed General Design Criteria (issued July 1967)

which were used by the AEC as guidance in evaluating the original design of Quad Cities
Station. Changes to the plant design are completed in accordance with the requirements of
Exelon Generation Company Quality Assurance Program. This program assures |
compliance with 10 CFR 50, Appendix B; the ASME Code; and plant Technical

Specifications. It should be noted that no attempt has been made to update this report to
reflect current NRC design criteria. This section, which originated as FSAR Appendix B

was transferred to the Updated FSAR intact, as a reference to original plant design criteria.
It has since been incorporated into this section of the UFSAR. [3.1.1]

This section of the report contains an evaluation of the design basis of the Quad Cities
nuclear facility by means of the draft of the 70 proposed General Design Criteria for
Nuclear Power Plant Construction Permits issued by the Atomic Energy Commission. [3.1.2]

It should be recognized that these proposed criteria were issued in July 1967 on a draft
basis in order to secure comments from the industry. These proposed criteria were not
adopted as regulatory requirements at the time Quad Cities was built. This first draft of
the criteria contained many aspects which required modification or clarification prior to
adoption of the 64 criteria in 10 CFR 50, Appendix A.

There was no attempt here to comment on the proposed criteria wording. Rather the draft
was used as a basis for conducting a reference audit by subject matter.

Contained herein is an evaluation of the design basis of the Quad Cities station relative to
each of the nine groups of proposed criteria. (The draft of criteria is separated into nine
groups by subject matter.) In each group a statement of the applicant's interpretation of the
intent of the criteria of that group is made. A discussion of the plant design conformance to
this current interpretation of intent is presented. The text of each of the 70 draft general
design criteria is provided. A complete list of references indicates where the subject
material of the individual criterion is found in the FSAR. UFSAR references provide a
convenient reference to the corresponding text in the current UFSAR. However, it should
be noted that the CECo response was based on the referenced FSAR sections.

Based on the applicant's understanding of the intent of the proposed criteria, it was felt
that the Quad Cities station fully satisfies the intent of the criteria.
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3.1.1 Group I - Overall Plant Requirements

The intent of the draft of the proposed criteria for this group is to identify, record, and
justify the adequacy of the quality control and assurance programs, the applicable codes or
standards, the standards of design, fabrication, erection, and performance to protect
against environmental phenomena, the test procedures, and inspection acceptance levels of
the reactor facility's essential components and systems. The influence of the sharing of
common reactor facility components and systems along with the fire and explosion
protection for all equipment is also to be established. [3.1.3]

It was concluded that the design of this plant is in conformance with the criteria of Group I
based on our interpretation of the intent of these criteria.

The text of each criterion, CECo's response, and references to applicable sections of the
UFSAR and FSAR are given below for the individual criteria in this group.

3.1.1.1 Criterion 1 - Quality Standards

Those systems and components of reactor facilities which are essential to the prevention of
accidents which could affect the public health and safety or to mitigation of their
consequences shall be identified and then designed, fabricated, and erected to quality
standards that reflect the importance of the safety function to be performed. Where
generally recognized codes or standards on design, materials, fabrication, and inspection
are used, they shall be identified. Where adherence to such codes or standards does not
suffice to assure a quality product in keeping with the safety function, they shall be
supplemented or modified as necessary. Quality assurance programs, test procedures, and
inspection acceptance levels to be used shall be identified. A showing of sufficiency and
applicability of codes, standards, quality assurance programs, test procedures, and
inspection acceptance levels used is required.

Response

The reactor facility's essential components and systems were designed, fabricated, erected,
and perform in accordance with the specified quality standards which are, as a minimum,
in accordance with applicable codes and regulations. These components and systems, as
well as applicable codes and standards have been identified in the report. Specific sections
are included in the reference list following this group's discussion. Where component or
system design exceeds code requirements, it has been noted. A quality assurance program
has been established to assure compliance with acceptable quality control specifications
and procedures. These programs, as well as applicable tests and inspections, have been
identified. Specific sections are included in the reference list. In planning and executing
the quality assurance programs, particular attention is being given to the quality control
specifications and to their compliance by those systems, components, and structures which
are important to plant safety.

3.1-2
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Sections Which Identify

Systems or Components Applicable Codes or Standards

Reactor coolant system Applicable FSAR Sections: 3.4.3.1, 3.6.3,
3.6.3.2, 3.6.3.3, 3.6.3.5, 4.1, 4.2, 4.3.1, 4.4,
and 12.1.3.6

Applicable UFSAR Sections: 3.2, 3.9.3,
3.9.5,4.1,4.2,4.5,5.2.1, 5.3.1, 5.3.3, 5.4.1,
and 5.4.13

Containment system Applicable FSAR Sections: 5.2.1, 5.2.2,
5.2.3.7, and 12.1.3.4
Applicable UFSAR Sections: 3.2, 3.8.2, and
6.2.1

Emergency core cooling systems Applicable FSAR Sections: 6.2.3.2, 6.2.4.2,
6.2.5.2, and 12.1.3.3
Applicable UFSAR Sections: 3.2, 3.9.3,

3.9.6, and 6.3.2
Diesel Generator Applicable FSAR Sections: 12.1.3.7
Applicable UFSAR Sections: 3.9.3
Radwaste Applicable FSAR Sections: 1.2.6, 1.3.1,

1.3.10, 1.3.12, 1.5.4.9, 9.1, 9.2.1, 9.2.2, 9.3.1,
9.4.1, 9.5.1, and 12.3.1
Applicable UFSAR Sections: 1.2, 11.0, 11.2,
11.3,11.4, and 12.3.2.1

3.1.1.2 Criterion 2 - Performance Standards

The plant equipment which is important to safety is designed to permit safe plant operation
and to accommodate all design basis accidents for all appropriate environmental phenomena
at the site without loss of their capability, taking into consideration historical data and
suitable margins for uncertainties.

Applicable FSAR Sections: 1.2, 1.3, 2.4, 2.5, 2.6, 2.7, 5.2, 5.3, and 12.1

Applicable UFSAR Sections: 1.2.1, 1.2.2, 2.4, 2.5, 6.2, and 11.5.3

Applicable UFSAR Chapter: 3

Additional Information

In 1977 the NRC initiated the Systematic Evaluation Program (SEP) to review the designs of
older operating nuclear power plants (i.e., pre-GDC plants). Generic Letter 95-04™ notified
licensees of the final disposition of the SEP lessons-learned. The Generic Letter categorized
tornado missiles as a "Category 3" issue — unresolved but covered by existing regulatory
programs. As noted in Attachment 2 of the Generic Letter, the NRC determined the
appropriate regulatory mechanism for resolving tornado missiles was the Individual Plant
Examination of External Events IPEEE) program. The NRC issued a Staff Evaluation Report
for the Quad Cities IPEEE® on April 26, 2001 noting: "The staff concluded that the aspects of
seismic events, fire, and high winds, floods and other (HFO) external events were adequately
addressed." The report discusses Generic Safety Issue 156 (SEP) noting: "On the basis that no
vulnerabilities associated with this issue were identified in the licensee's IPEEE submittal,
the staff considers this issue resolved for Quad Cities."

Revision 12, October 2013
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3.1.1.3 Criterion 3 - Fire Protection

The reactor facility shall be designed (1) to minimize the probability of events such as fires
and explosions, and (2) to minimize the potential effects of such events to safety.
Noncombustible and fire resistant materials shall be used whenever practical throughout the
facility, particularly in areas containing critical portions of the facility such as containment,
control room, and components of engineered safety features.

Response

Design allowances are provided to minimize the occurrence of fire and explosions and their
effects by the use of noncombustible and fire resistant materials throughout the plant.

Applicable FSAR Sections: 5.2, 5.3, and 10.6

Applicable UFSAR Sections: 6.2 and 9.5.1

3.1.1.4 Criterion 4 - Sharing of Systems

Reactor facilities shall not share systems or components unless it is shown safety is not
impaired by the sharing.

Response

Quad Cities Units 1 and 2 share some systems and components as specified in the sections
listed below. This sharing does not result in undue risk to the health and safety of the public.

This reactor facility consists of two BWR generating units located on a common site. The
design criteria and performance objectives for systems and components located on a single
unit site are equally applicable to the systems and components shared between two units on a
common site. Additional design criteria have been used in the design of Units 1 and 2. These
stipulate that:

A. Equipment and facilities are shared only when it can be done without compromising
or interfering with the independent operation of Units 1 and 2;

B. For unshared equipment, the equipment and its controls will be physically
separated and identified;

C. Operation or safe shutdown of either Unit 1 or 2 will not be precluded as a result of
reactor operator error or equipment malfunction in the other unit; and

D. Operation or safe shutdown of either Unit 1 or 2 after a postulated design basis
accident in the other unit will not be precluded because of the shared equipment or
facilities.

Revision 5, June 1999
3.1-4



QUAD CITIES — UFSAR
Applicable FSAR Sections: 1.5, 5.3, and 10.8

Applicable UFSAR Sections: 1.2.4, 6.2.3, 6.5, and 9.2.2

3.1.1.5 Criterion 5 - Records Requirements

Records of the design, fabrication, and construction of essential components of the plant shall
be maintained by the reactor operator or under its control throughout the life of the reactor.

Response

Records of design, fabrication, and construction for this facility are to be stored or maintained
either under the applicant's control or available to the applicant for inspection.

Applicable FSAR Sections: 4.2 and as required by the specific codes.

Applicable UFSAR Section: 5.3

Applicable UFSAR Chapter: 17

3.1.2 Group II - Protection by Multiple Fission Product Barriers

The intent of the draft of the proposed criteria for this group assures, through proper design,
that the plant has been provided with multiple barriers against the release or mitigation of
fission products to the environs and that these barriers will remain intact under all
operational transients caused by a single operator error or equipment malfunction. It is the
further intent of this group that proper barriers are made available for the design basis
accidents. [3.1.4]

It is concluded that design of this plant is in conformance with the Criteria of Group II based
on our interpretation of the intent of these criteria.

The text of each criterion, CECo's response, and reference to applicable sections of the UFSAR
and FSAR are given in the following for the individual criteria in this group.

3.1.2.1 Criterion 6 - Reactor Core Design

The reactor core shall be designed to function throughout its design lifetime, without
exceeding acceptable fuel damage limits which have been stipulated and justified. The core
design, together with reliable process and decay heat removal systems, shall provide for this
capability under all expected conditions of normal operation with appropriate margins for
uncertainties and for transient situations which can be anticipated, including the effects of the
loss of power to recirculation pumps, tripping out of a turbine generator set, isolation of the
reactor from its primary heat sink, and loss of all offsite power.

Revision 5, June 1999
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Response

The reactor core is designed so that there is no inherent tendency for sudden divergent oscillation
of operation characteristics or divergent power transients in any mode of plant operation. The
basis of the reactor core design, in combination with the plant equipment characteristics, nuclear
Instrumentation system, and the reactor protection system, is to provide margins to ensure that
fuel damage will not occur in normal operation or operational transients caused by single
operator error or equipment malfunction.

Applicable FSAR Sections: 1.2, 1.3, 1.4, 3.2, 3.3, 3.4, 3.5, 4.3, 4.4,6.2, 7.2, 7.3, 7.4, 7.5, and 11.2.3

Applicable UFSAR Sections: 1.2, 4.2, 4.3, 4.4, 4.6, 5.4.1, 5.4.13, 6.3, 7.6, 7.7, 15.2, 15.3, and 15.4

3.1.2.2 Criterion 7 - Suppression of Power Oscillations

The core design, together with reliable controls, shall ensure that power oscillations which could
cause damage in excess of acceptable fuel damage limits are not possible or can be readily
suppressed.

Response

The reactor core is designed so that there is no inherent tendency for sudden divergent oscillation
of operation characteristics or divergent power transients in any mode of plant operation. The
basis of the reactor core design, in combination with the plant equipment characteristics, nuclear
Instrumentation system, and the reactor protection system, is to provide margins to ensure that
fuel damage will not occur in normal operation or operational transients caused by single
operator error or equipment malfunction.

In addition, Oscillating Power Range Monitors (OPRMs) have been installed to detect thermal-
hydraulic instabilities that result in core power oscillations. If the instabilities grow to a point
where the power oscillations could result in a condition exceeding the fuel safety limit, the OPRM
automatically initiates a reactor scram via the reactor protection system.

Applicable FSAR Sections: 3.2, 3.3, 3.4, 3.5, 7.2, 7.3, 7.4, and 7.5

Applicable UFSAR Sections: 1.2, 4.2, 4.3, 4.4, 4.6, 7.6, and 7.7

3.1.2.3 Criterion 8 - Overall Power Coefficient

The reactor shall be designed so that the overall power coefficient in the power operating range
shall not be positive.

Response
Applicable FSAR Sections: 3.1 and 3.3

Applicable UFSAR Sections: 4.1 and 4.3.2

Revision 9, October 2007
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3.1.2.4 Criterion 9 - Reactor Coolant Pressure Boundary

The reactor coolant pressure boundary shall be designed and constructed so as to have an
exceedingly low probability of gross rupture or significant leakage throughout its design
lifetime.

Response

The reactor coolant system is designed to carry its dead weight and specified live loads
separately or concurrently, such as pressure and temperature stresses, vibrations, seismic
loads as prescribed for the plant. Provisions are made to control or shutdown the reactor
coolant system in the event of malfunction of operating or leakage of coolant from the system.
The reactor vessel and support structures are designed, within the limits of applicable criteria
for low probability accident conditions, to withstand the forces that would be created by the
full area flow of any vessel nozzle to the containment atmosphere with the reactor vessel at
design pressure concurrent with the plant maximum hypothetical earthquake loads.

Applicable FSAR Sections: 4.2 and 4.3

Applicable UFSAR Sections: 5.3 and 5.4

3.1.2.5 Criterion 10 - Containment

Containment shall be provided. The containment structure shall be designed to sustain the
initial effects of gross equipment failures, such as a large coolant boundary break, without loss
of required integrity and, together with other engineered safety features as may be necessary,
to retain for as long as the situation requires the functional capability to protect the public.

Response

The plant containment barriers are the basic features which minimize release of radioactive
materials and associated doses. A boiling water reactor provides seven means of containing
and/or mitigating the release of fission products

A. The high density ceramic UO, fuel,

B. The high integrity Zircaloy cladding,

C. The reactor vessel and its connected piping and isolation valves,

D. The drywell-suppression chamber primary containment,

E. The reactor building (secondary containment),

F. The reactor building standby gas treatment system utilizing high efficiency
absolute and charcoal filters, and

G. The main chimney.

Revision 5, June 1999
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The primary containment system is designed, fabricated, and erected to accommodate without
failure, the pressures and temperatures resulting from or subsequent to the double-ended
rupture or equivalent failure of any coolant pipe within the primary containment. The reactor
building, encompassing the primary containment system, provides secondary containment when
the primary containment is closed and in service, and provides for primary containment when
the primary containment is open. The two containment systems and such other associated
engineered safety systems as may be necessary are designed and maintained so that offsite doses
resulting from postulated design basis accidents are below the values stated in 10 CFR 100.

Applicable FSAR Sections: 5.2, 5.3, and 6.2.4

Applicable UFSAR Sections: 4.2, 5.2, 6.2.1, 6.2.2, 6.2.3, 6.5, and 15.6

3.1.3 Group III - Nuclear and Radiation Controls

The intent of the draft of the proposed criteria for this group is to identify and define the plant
Iinstrumentation and control systems necessary for maintaining the plant in a safe operational
status. This also includes determining the adequacy of radiation shielding, effluent monitoring,
and fission process controls, and providing for the effective sensing of abnormal conditions and
Initiation of engineered safety features. [3.1.5]

It is concluded that the design of this plant is in conformance with the criteria of Group III based
on our interpretation of the intent of these criteria.

The text of each criterion, CECo's response, and reference to applicable sections of the UFSAR
and FSAR are given in the following for the individual criteria in this group.

3.1.3.1 Criterion 11 - Control Room

The facility shall be provided with a control room from which actions to maintain safe operational
status of the plant can be controlled. Adequate radiation protection shall be provided to permit
access, even under accident conditions, to equipment in the control room or other areas as
necessary to shut down and maintain safe control of the facility without radiation exposures of
personnel in excess of 10 CFR 20 limits. It shall be possible to shut the reactor down and
maintain it in a safe condition if access to the control room is lost due to fire or other cause.

Response

The plant is provided with a centralized control room having adequate shielding, fire protection,
air conditioning, and facilities to permit access and continuous occupancy under 10 CFR 20 limits
during all design basis accident situations. The plant design does not contemplate the necessity
for evacuation of the control room. However, if it is necessary to evacuate the control room, the
design does not preclude the capability to bring the plant to a safe, cold shutdown from outside
the control room. The necessary plant controls, instrumentation, and alarms for safe and orderly
operation are located in the control room. These include such controls as the control rod position
indication, the reactor core heat removal system, and the reactor coolant system leakage
detection system.
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Applicable FSAR Sections: 1.5, 12.1, and 12.2

Applicable UFSAR Sections: 1.2.4, 3.3, 3.8.4, 6.4, 7.4, and 9.4

3.1.3.2 Criterion 12 - Instrumentation and Control Systems

Instrumentation and controls shall be provided as required to monitor and maintain variables
within prescribed operating ranges.

Response

The reactor protection system, independent from the plant process control systems, overrides all
other controls to initiate any required safety action. The reactor protection system automatically
Initiates appropriate action whenever the plant conditions approach pre-established operational
limits. The system acts specifically to initiate the core standby and containment cooling systems,
as required.

Applicable FSAR Sections: 1.2.4,1.3.6, 4.2, 7,8, 11.2.3, and 11.3.3
Applicable UFSAR Sections: 1.2.1, 1.2.2,4.3,5.3, 7.2, 7.3, 7.4, 7.6, 7.7, 8.2, 8.3, 10.2, 10.3, 10.4,
11.5, and 12.3

3.1.3.3 Criterion 13 - Fission Process Monitors and Controls

Means shall be provided for monitoring and maintaining control over the fission process
throughout core life and for all conditions that can reasonably be anticipated to cause variations
in reactivity of the core, such as indication of position of control rods and concentration of soluble
reactivity control poisons.

Response

The necessary plant controls, instrumentation and alarms for safe and orderly operation are
located in the control room. These include such controls as the control rod position indication,
reactor core heat removal system, and the reactor coolant system leakage detection system. The
performance of the reactor core and the indication of reactor power level are continuously
monitored by the nuclear instrumentation system. The reactor protection system, independent
from the plant process control systems, overrides all other controls to initiate any required safety
action. The reactor protection system automatically initiates appropriate action whenever the
plant conditions approach pre-established operational limits. The system acts specifically to
initiate the core standby and containment cooling systems, as required.

Applicable FSAR Sections: 1.2.4, 1.3.6, 6.7, 7.3, 7.4, and 7.9

Applicable UFSAR Sections: 1.2.1, 1.2.2, 7.4, 7.6, 7.7, and 9.3.5
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3.1.3.4 Criterion 14 - Core Protection Systems

Core protection systems, together with associated equipment, shall be designed to act
automatically to prevent or to suppress conditions that could result in exceeding acceptable fuel
damage limits.

Response

The reactor protection system, independent from the plant process control systems, overrides all
other controls to initiate any required safety action. The reactor protection system automatically
Initiates appropriate action whenever the plant conditions approach pre-established operational
limits. The system acts specifically to initiate the core standby and containment cooling systems,
as required.

Applicable FSAR Sections: 1.2.4, 1.3.6, 4.5, 6.2, 6.5, 6.6, 7.3, 7.4, 7.5, 7.7, 7.8, and 7.9

Applicable UFSAR Sections: 1.2.1, 1.2.2, 4.6, 5.4, 6.3, 7.2, 7.3, 7.4, 7.6, 7.7, and 9.2

3.1.3.5 Criterion 15 - Engineered Safety Features Protection Systems

Protection systems shall be provided for sensing accident situations and initiating the operation
of necessary engineered safety features.

Response

The reactor protection system, independent from the plant process control systems, overrides all
other controls to initiate any required safety action. The reactor protection system automatically
1nitiates appropriate action whenever the plant conditions approach pre-established operational
limits. The system acts specifically to initiate the core standby and containment cooling systems,
as required.

Applicable FSAR Section: 6 and 7.7

Applicable UFSAR Sections: 4.6, 5.4, 6, 6.3, 7.3, 9.2, and 9.3

3.1.3.6 Criterion 16 - Monitoring Reactor Coolant Pressure Boundary

Means shall be provided for monitoring the reactor coolant pressure boundary to detect leakage.

Response

The necessary plant controls, instrumentation, and alarms for safe and orderly operation are
located in the control room. These include such controls as the control rod position indication,
reactor core heat removal system, and the reactor coolant system leakage detection system.
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Applicable FSAR Sections: 4.2.4, 7.5.7, and 7.7

Applicable UFSAR Sections: 5.2.5, 5.3, 7.3, and 7.6

3.1.3.7 Criterion 17 - Monitoring Radioactive Release

Means shall be provided for monitoring the containment atmosphere, the facility effluent
discharge paths, and the facility environs for radioactivity that could be released from normal
operations, from anticipated transients, and from accident conditions.

Response

The plant radiation and process monitoring systems are provided to monitor significant
parameters from specific plant process systems and specific areas, including the plant effluents to
the site environs, and to provide alarms and signals for appropriate corrective actions.

Applicable FSAR Sections: 1.2.6, 5.3.2, 7.6, 9.2, 9.3, and 9.5

Applicable UFSAR Sections: 1.2, 6.2.3, 6.5, 11.2, 11.3, 11.5, and 12.3

3.1.3.8 Criterion 18 - Monitoring Fuel and Waste Storage

Monitoring and alarm instrumentation shall be provided for fuel and waste storage and handling
areas for conditions that might contribute to loss of continuity in decay heat removal and to
radiation exposures.

Response

The plant radiation and process monitoring systems are provided to monitor significant
parameters from specific plant process systems and specific areas, including the plant effluents to
the site environs, and to provide alarms and signals for appropriate corrective actions.

Applicable FSAR Section: 7.6

Applicable UFSAR Section: 12.3

3.1.4 Group IV - Reliability and Testability of Protection Systems

The intent of the draft of the proposed criteria for this group is to identify and establish the
functional reliability, inservice testability, redundancy, physical and electrical independence and

separation, and failsafe design of the reactor protection instrumentation and control systems.
[3.1.6]

It is concluded that the design of this plant is in conformance with the criteria of Group IV based
on our interpretation of the intent of these criteria.
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The text of each criterion, CECo's response, and references to applicable sections of the UFSAR
and FSAR are given in the following for the individual criteria in this group.

3.1.4.1 Criterion 19 - Protection Systems Reliability

Protection systems shall be designed for high functional reliability and inservice testability
commensurate with the safety functions to be performed.

Response

Components of the redundant subsystems can be removed from service for testing and
maintenance without negating the ability of the protection system to perform its protection
functions (even when subjected to a single-event, multiple-failure incident) upon receipt of the
appropriate signals.

Applicable FSAR Sections: 1.2.4,1.3.6, 7.3, 7.4, 7.5, 7.6, 7.7, 7.8, 7.9, and 7.10

Applicable UFSAR Sections: 1.2.1, 1.2.2, 7.2, 7.3, 7.4, 7.6, 7.7, 11.5, and 12.3

3.1.4.2 Criterion 20 - Protection Systems Redundancy and Independence

Redundancy and independence designed into protection systems shall be sufficient to assure that
no single failure or removal from service of any component or channel of a system will result in
loss of the protection function. The redundancy provided shall include, as a minimum, two
channels of protection for each protection function to be served. Different principles shall be used
where necessary to achieve true independence of redundant instrumentation components.

Response

By means of a dual-channel protection system with complete redundancy in each channel, no loss
of the protection systems can occur by either component failure or removal from service. The
reactor protection system acts to shut down the reactor, close primary containment isolation
valves, or initiate the operation of the core standby cooling systems. The reactor protection
system is designed so that any design basis plant transient or accident is sensed by different
parametric measurements (e.g., loss-of-coolant accident is detected by high drywell pressure and
low reactor water level monitors). Components of the redundant subsystems can be removed from
service for testing and maintenance without negating the ability of the protection system to
perform its protection functions (even when subjected to a single-event, multiple-failure incident)
upon receipt of the appropriate signals.

Applicable FSAR Sections: 1.2.4,1.3.6, 7.3, 7.4, 7.5, 7.6, and 7.7

Applicable UFSAR Sections: 1.2.1, 1.2.2, 7.2, 7.3, 7.4, 7.6, 7.7, 11.5, and 12.3
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3.1.4.3 Criterion 21 - Single Failure Definition

Multiple failures resulting from a single event shall be treated as a single failure.

Response

Components of the redundant subsystems can be removed from service for testing and
maintenance without negating the ability of the protection system to perform its protection
functions (even when subjected to a single-event, multiple-failure incident) upon receipt of the
appropriate signals. Multiple failures from a single event are not counted as more than one
failure.

3.1.4.4 Criterion 22 - Separation of Protection and Control Instrumentation Systems

Protection systems shall be separated from control instrumentation systems to the extent that
failure or removal from service of any control instrumentation system component or channel, or
of those common to control instrumentation and protection circuitry, leaves intact a system
satisfying all requirements for the protection channels.

Response

The reactor protection system automatically overrides the plant normal operational control
systems (that is, functions independently) to initiate appropriate action whenever the plant
conditions monitored (neutron flux, containment, and vessel pressure, etc.) by the system
approach pre-established limits.

Applicable FSAR Sections: 7.5 and 7.7

Applicable UFSAR Sections: 7.2, 7.3, 7.6, and 7.7

3.1.4.5 Criterion 23 - Protection Against Multiple Disability for Protection Systems

The effects of adverse conditions to which redundant channels or protection systems might be
exposed in common, either under normal conditions or those of an accident, shall not result in
loss of the protection function.

Response

The system circuits are isolated to preclude a circuit fault from inducing a fault in another circuit
and to reduce the likelihood that adverse conditions, which might affect system reliability (one-
out-of-two twice logic), will encompass more than one circuit. The system sensors are electrically
and physically dispersed with both sensors in any one trip channel not allowed to occupy the
same local area or to be connected to the same power source or process measurement line. The
system internal wiring or external cable routing arrangements are such as to negate any external
influence (a fire or accident) on the systems performance.
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Applicable FSAR Sections: 1.2.4, 1.3.6, 1.3.8, 5.2, 7.4, 7.5, 7.6, and 7.7

Applicable UFSAR Sections: 1.2.1, 1.2.2, 6.2, 7.2, 7.3, 7.6, 11.5, and 12.3

3.1.4.6 Criterion 24 - Emergency Power for Protection Systems

In the event of loss of all offsite power, sufficient alternate sources of power shall be provided to
permit the required functioning of the protection systems.

Response

The system electrical power requirements are supplied from independent, redundant sources.
The system circuits are isolated to preclude a circuit fault from inducing a fault in another circuit
and to reduce the likelihood that adverse conditions, which might affect system reliability (one-
out-of-two twice logic), will encompass more than one circuit. The system sensors are electrically
and physically dispersed with both sensors in any one trip channel not allowed to occupy the
same local area or to be connected to the same power source or process measurement line. The
system internal wiring or external cable routing arrangements are such as to negate any external
influence (a fire or accident) on the systems performance.

Applicable FSAR Sections: 1.2.5,1.3.9, and 8

Applicable UFSAR Sections: 1.2.1, 1.2.2, and 8

3.1.4.7 Criterion 25 - Demonstration of Functional Operability of Protection Systems

Means shall be included for testing protection systems while the reactor is in operation to
demonstrate that no failure or loss of redundancy has occurred.

Response

The design of the reactor protection system is such as to facilitate maintenance and trouble
shooting while the reactor is at power operation without impeding the plant's operation or
impairing its safety function. System faults are annunciated in the main control room.

Applicable FSAR Sections: 1.2.4, 1.3.6, 7.4, 7.5, 7.6, and 7.7

Applicable UFSAR Sections: 1.2.1, 1.2.2, 7.2, 7.3, 7.6, 11.5, and 12.3

3.1.4.8 Criterion 26 - Protection Systems Fail-Safe Design

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

Revision 5, June 1999
3.1-14



QUAD CITIES — UFSAR
Response

A failure of any one reactor protection system input or subsystem component will produce a trip
in 1 of the 2 channels, a situation insufficient to produce a reactor scram but readily available to
perform its protective function upon another trip (either by failure or by exceeding the preset
trip).

Applicable FSAR Sections: 1.2.4, 1.3.6, 7.4, 7.5, 7.6, and 7.7

Applicable UFSAR Sections: 1.2.1, 1.2.2, 7.2, 7.3, 7.6, 11.5, and 12.3

3.1.5 Group V - Reactivity Control

The intent of the draft of the proposed criteria for this group is to establish the reactor core
reactivity insertion and withdrawal rate limitations and the means to control the plant
operations within these limits. [3.1.7]

It is concluded that the design of this plant is in conformance with the Criteria of Group V based
on our interpretation of the intent of these criteria.

The text of each criterion, CECo's response, and references to applicable sections of the UFSAR
and FSAR are given in the following for the individual criteria in this group.

3.1.5.1 Criterion 27 - Redundancy of Reactivity Control

At least two independent reactivity control systems, preferably of different principles, shall be
provided.

Response

The plant design contains two independent and different principle reactivity control systems.
Control of reactivity is operationally provided by a combination of movable control rods, burnable
neutron absorbers contained in the fuel, and reactor coolant recirculation system flow. These
systems accommodate fuel burnup, load changes, and long-term reactivity changes. Reactor
shutdown by this control rod drive system is sufficiently rapid to prevent violation of fuel damage
limits for all operating transients. A standby liquid control system is provided as a redundant,
independent shutdown system to cover emergencies in the operational reactivity control system
discussed above. This standby system is designed to shut down the reactor in about 2 hours.

The reactor core is designed to have (a) a reactivity response which regulates or damps changes
in power level, and spatial distributions of power production to a level consistent with safe and
efficient operation, (b) a negative reactivity feedback consistent with the requirements of overall
plant nuclear-hydrodynamic stability, and (c) a strong negative reactivity feedback under severe
power transient conditions.

Applicable FSAR Sections: 1.2.1, 1.3.3, 3.5, and 6.7

Applicable UFSAR Sections: 1.2, 4.3, 4.6, and 9.3.5
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3.1.5.2 Criterion 28 - Reactivity Hot Shutdown Capability

At least two of the reactivity control systems provided shall independently be capable of making
and holding the core subcritical from any hot standby or hot operating condition, including those
resulting from power changes, sufficiently fast to prevent exceeding acceptable fuel damage
limits.

Response

The plant design contains two independent and different principle reactivity control systems.
Control of reactivity is operationally provided by a combination of movable control rods, burnable
neutron absorbers contained in the fuel, and reactor coolant recirculation system flow. These
systems accommodate fuel burnup, load changes, and long term reactivity changes. Reactor
shutdown by this control rod drive system is sufficiently rapid to prevent violation of fuel damage
limits for all operating transients. A standby liquid control system is provided as a redundant,
independent shut down system to cover emergencies in the operational reactivity control system
discussed above. This standby system is designed to shut down the reactor in about two hours.

Applicable FSAR Sections: 1.2.1, 3.5.2, 3.5.3, and 6.7
Applicable UFSAR Sections: 1.2, 4.3, 4.6, and 9.3.5

3.1.5.3 Criterion 29 - Reactivity Shutdown Capability

At least one of the reactivity control systems provided shall be capable of making the core
subcritical under any condition (including anticipated operational transients) sufficiently fast to
prevent exceeding acceptable fuel damage limits. Shutdown margins greater than the maximum
worth of the most effective control rod when fully withdrawn shall be provided.

Response

The reactivity control system is designed such that, under conditions of normal operation,
sufficient reactivity compensation is always available to make the reactor adequately subcritical
from its most reactive condition. Means are provided for continuous regulation of the reactor core
excess reactivity and reactivity distribution. This system is also designed to be capable of
compensating for positive and negative reactivity changes resulting from changes in nuclear
coefficients, fuel depletion, and fission product transients and buildup. The system design is such
that control rod worths, and the rate at which reactivity can be added, are limited to assure that
reactivity accidents cannot cause a transient capable of damaging the reactor coolant system,
disrupt the reactor core or its support structures, or other vessel internals sufficiently to impair
the core standby cooling system effectiveness if needed. Acceptable fuel damage limits will not be
exceeded for any reactivity transient resulting from a single equipment malfunction or operator
error.

Applicable FSAR Sections: 1.2.1, 1.3.3, 3.5, and 7.3

Applicable UFSAR Sections: 1.2, 4.3, 4.6, 7.7, and 15.4
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3.1.5.4 Criterion 30 - Reactivity Holddown Capability

At least one of the reactivity control systems provided shall be capable of making and holding the
core subcritical under any conditions with appropriate margins for contingencies.

Response

The reactivity control system is designed such that under conditions of normal operation
sufficient reactivity compensation is always available to make the reactor adequately subcritical
from its most reactive condition. Means are provided for continuous regulation of the reactor core
excess reactivity and reactivity distribution.

Applicable FSAR Sections: 1.2.1, 1.3.3, 3.5, and 6.7

Applicable UFSAR Sections: 1.2, 4.3, 4.6, and 9.3.5

3.1.5.5 Criterion 31 - Reactivity Control Systems Malfunction

The reactivity control systems shall be capable of sustaining any single malfunction, such as
unplanned continuous withdrawal (not ejection) of a control rod, without causing a reactivity
transient which could result in exceeding acceptable fuel damage limits.

Response

The reactor core is designed to have (a) a reactivity response which regulates or damps changes
in power level, and spatial distributions of power production to a level consistent with safe and
efficient operation, (b) a negative reactivity feedback consistent with the requirements of overall
plant nuclear-hydrodynamic stability, and (c) a strong negative reactivity feedback under severe
power transient conditions. The reactivity control system design is such that control rod worths,
and the rate at which reactivity can be added, are limited to assure that reactivity accidents
cannot cause a transient capable of damaging the reactor coolant system, disrupt the reactor core
or its support structures, or other vessel internals sufficiently to impair the core standby cooling
system effectiveness if needed. Acceptable fuel damage limits would not be exceeded for any
reactivity transient resulting from a single equipment malfunction or operator error.

Applicable FSAR Sections: 3.5, 4.3.3, 6.7, and 7.3

Applicable UFSAR Sections: 4.6, 5.4.1, 7.7, 9.3.5, and 15.4

3.1.5.6 Criterion 32 - Maximum Reactivity Worth of Control Rods

Limits, which include considerable margin, shall be placed on the maximum reactivity worth of
control rods or elements and on rates at which reactivity can be increased to ensure that the
potential effects of a sudden or large change of reactivity cannot (a) rupture the reactor coolant
pressure boundary or (b) disrupt the core, its support structures, or other vessel internals
sufficiently to impair the effectiveness of emergency core cooling.
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Response

The reactivity control system design is such that control rod worths, and the rate at which
reactivity can be added, are limited to assure that reactivity accidents cannot cause a transient
capable of damaging the reactor coolant system, disrupt the reactor core or its support structures,
or other vessel internals sufficiently to impair the core standby cooling system effectiveness if
needed. Acceptable fuel damage limits would not be exceeded for any reactivity transient
resulting from a single equipment malfunction or operator error.

Applicable FSAR Sections: 1.2.1, 3.3.4.4, 6.5, and 6.6

Applicable UFSAR Sections: 1.2, 4.3, and 4.6

3.1.6 Group VI - Reactor Coolant Pressure Boundary

The intent of the draft of the proposed criteria for this group is to establish the reactor coolant
pressure boundary design requirements and to identify the means used to satisfy these design
requirements. [3.1.8]

It is concluded that the design of this plant is in conformance with the Criteria of Group VI based
on our interpretation of the intent of these criteria.

The text of each criterion, CECo's response, and references to applicable sections of the UFSAR
and FSAR are given in the following for the individual criteria in this group.

3.1.6.1 Criterion 33 - Reactor Coolant Pressure Boundary Capability

The reactor coolant pressure boundary shall be capable of accommodating without rupture, and
with only limited allowance for energy absorption through plastic deformation, the static and
dynamic loads imposed on any boundary component as a result of any inadvertent and sudden
release of energy to the coolant. As a design reference, this sudden release shall be taken as that
which would result from a sudden reactivity insertion such as rod ejection (unless prevented by
positive mechanical means), rod dropout, or cold water addition.

Response

The inherent safety features of the reactor core design in combination with certain engineered
safety features (control rod velocity limiter, control rod housing support and the plant reactivity
control system) are such that the consequences of the most severe potential nuclear excursion
accident, caused by a single component failure within the reactivity control system (rod drop
accident) would not result in damage (either by motion or rupture) to the reactor coolant system.

Applicable FSAR Sections: 3.3.4.4, 6.5, 6.6, and 11.3.3

Applicable UFSAR Sections: 4.3.2, 4.6, and 15.4
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3.1.6.2 Criterion 34 - Reactor Coolant Pressure Boundary Rapid Propagation Failure
Prevention

The reactor coolant pressure boundary shall be designed to minimize the probability of rapidly
propagating type failures. Consideration shall be given (a) to the notch-toughness properties of
materials extending to the upper shelf of the Charpy transition curve, (b) to the state of stress of
materials under static and transient loading, (c) to the quality control specified for materials and
component fabrication to limit flaw sizes, and (d) to the provisions for control over service
temperature and irradiation effects which may require operational restrictions.

Response

The ASME and USASI Codes are used as the established and acceptable criteria for design,
fabrication, and operation of components of the reactor primary pressure system. The reactor
primary system is designed and fabricated to meet the following as a minimum:

1) Reactor Vessel - ASME Boiler and Pressure Vessel Code, Section III Nuclear Vessels,
Subsection A

2) Pumps - ASME Boiler and Pressure Vessel Code, Section III, Nuclear Vessels,
Subsection C

3) Piping and Valves - USAS-B-31.1, Code for Pressure Power Piping
Applicable FSAR Sections: 4.2 and 4.3

Applicable UFSAR Sections: 3.2, 5.2, 5.3, and 5.4

3.1.6.3 Criterion 35 - Reactor Coolant Pressure Boundary Brittle Fracture Prevention

Under conditions where reactor coolant pressure boundary system components constructed of
ferritic materials may be subjected to potential loadings such as a reactivity-induced loading,
service temperatures shall be at least 120°F above the nil ductility transition (NDT) temperature
of the component material if the resulting energy release is expected to be absorbed by plastic
deformation or 60°F above the NDT temperature of the component material if the resulting
energy release is expected to be absorbed within the elastic strain energy range.

Response

The brittle fracture failure mode of the reactor coolant pressure boundary system components is
prevented by control of the notch toughness properties of the ferritic steel components. This
control is exercised in the selection of materials and fabrication of equipment and the
components. In the design, appropriate consideration is given to the different notch toughness
requirements of each of the various ferritic steel product forms, including weld and heat-affected
zones. In this way, assurance is provided that brittle fracture is prevented under all potential
service loading temperatures. The selected approach to brittle fracture prevention is to use a
temperature-based rule with modifications drawn from fracture mechanics technology. The
approach, which is
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generally accepted by materials specialists, establishes the requirements for brittle fracture
prevention. These requirements are less stringent, when measured in terms of NDT
requirement, for thin section materials than thick sections compared to that assumed in the first
draft of this criterion.

Applicable FSAR Sections: 4.2 and 4.3
Applicable UFSAR Sections: 5.2, 5.3, and 5.4

3.1.6.4 Criterion 36 - Reactor Coolant Pressure Boundary Surveillance

Reactor coolant pressure boundary components shall have provisions for inspection, testing, and
surveillance by appropriate means to assess the structural and leaktight integrity of the
boundary components during their service lifetime. For the reactor vessel, a material
surveillance program conforming with ASTM-E-185-66 shall be provided.

Response

The reactor coolant system was given a final hydrostatic test at 1560 psig in accordance with
Code requirements prior to initial reactor startup. A hydrostatic test, not exceeding system
operating pressure, will be made on the reactor coolant system following each removal and
replacement of the reactor vessel head. The system was checked for leaks, and abnormal
conditions were corrected before reactor startup. The minimum vessel temperature during
hydrostatic test shall at least be 60 F above the calculated NDT temperature prior to
pressurizing the vessel. Extensive quality control assurance programs were also followed during
the entire fabrication of the reactor coolant system. Vessel material surveillance samples are
located within the reactor primary vessel to enable periodic monitoring of material properties
with exposure. The program includes specimens of the base metal, heat affected zone metal, and
standards specimens. Leakage from the reactor coolant system is monitored during reactor
operation.

Applicable FSAR Sections: 4.2.4 and 4.3.4

Applicable UFSAR Sections: 5.2, 5.3, and 5.4

3.1.7 Group VII - Engineered Safety Features

The intent of the draft of the proposed criteria for this group is: [3.1.9]
A. To identify the engineered safety features (ESF),

B. To examine each ESF for independency, redundancy, capability, testability,
inspectability, and reliability,

C. To determine the suitability of each ESF for its intended duty, and
D. To justify that each ESF's capability-scope envelopes all the anticipated and credible

phenomena associated with the plant operational transients or design basis accidents
being considered.
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It is concluded that the design of this plant is in conformance with the criteria of Group VII based
on our interpretation of the intent of these criteria.

The text of each criterion, CECo's response, and references to applicable sections of the UFSAR
and FSAR are given in the following for the individual criteria in this group.

3.1.7.1 Criterion 37 - Engineered Safety Features (ESF) Basis for Design

Engineered safety features shall be provided in the facility to back up the safety provided by the
core design, the reactor coolant pressure boundary, and their protection systems. As a minimum,
such engineered safety features shall be designed to cope with any size reactor coolant pressure
boundary break up to and including the circumferential rupture of any pipe in that boundary
assuming unobstructed discharge from both ends.

Response

The normal plant control systems are thoroughly engineered and backed up by a significant
amount of experience in system design and operation. Even if an improbable maloperation or
equipment failure occurs, including a reactor coolant boundary break (up to and including the
circumferential rupture of any pipe in that boundary assuming an unobstructed discharge) and
variables exceed their operating limits, an extensive system of engineered safety features (ESF)
limits the transient and the effects to levels well below those which are of public safety concern.
These ESF's include 1) the normal protection systems (reactor core, reactor coolant system, plant
containment systems, plant and reactor control systems, reactor protection system, other
Instrumentation and process systems, etc.); 2) those systems which offer additional protection
against a reactivity excursion (reactor standby liquid control system, control rod velocity limiters,
and control rod housing supports); 3) those systems which act to reduce the consequences of
design basis accidents (main steam line flow restrictors, primary containment atmospheric
control system); and 4) those systems which provide core standby and containment cooling in the
event of a loss of normal cooling ( core spray cooling system, core residual heat removal system
(RHRS), core high pressure coolant injection (HPCI) system, automatic depressurization system,
and the standby coolant supply system).

Applicable FSAR Sections: 1.2, 1.3, 5, 6, and 8

Applicable UFSAR Sections: 1.2, 4.6, 5.4.4, 6.0, 6.2, 6.3, 6.5, 7.3, 8.3, 9.2.8, 9.3.5, and 13.3

3.1.7.2 Criterion 38 - Reliability and Testing of ESF

All engineered safety features shall be designed to provide high functional reliability and ready
testability. In determining the suitability of a facility for a proposed site, the degree of reliance
upon and acceptance of the inherent and engineered safety afforded by the systems, including
engineered safety features, will be influenced by the known and the demonstrated performance
capability and reliability of the systems, and by the extent to which the operability of such
systems can be tested and inspected where appropriate during the life of the plant.
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Response

The engineered safety features are designed to provide high reliability and ready testability.
Specific provisions are made in each ESF to demonstrate operability and performance
capabilities.

Applicable FSAR Sections: 1.2.2,1.2.3, 1.2.5, 1.3.4, 1.3.5,1.3.9, 1.4, 1.5.4.6, 1.6, 5, 6, and 8

Applicable UFSAR Sections: 1.2, 4.6, 5.4.4, 6.0, 6.2, 6.3, 6.5, 7.3, 8.3, 9.2.8, and 9.3.5

3.1.7.3 Criterion 39 - Emergency Power for ESF

Alternate power systems shall be provided and designed with adequate independency,
redundancy, capacity, and testability to permit the functioning required of the engineered safety
features. As a minimum, the onsite power system and the offsite power system shall each,
independently, provide this capacity assuming a failure of a single active component in each
power system.

Response

Sufficient offsite and standby (redundant, independent, and testable) auxiliary sources of
electrical power are provided to attain prompt shutdown and continued maintenance of the plant
in a safe condition under all credible circumstances. The capacity of the power sources are
adequate to accomplish all required engineered safety features functions under all postulated
design basis accident conditions.

Applicable FSAR Sections: 1.2.5, 1.3.5, 1.3.9, 1.4, and 1.5.3

Applicable UFSAR Sections: 1.2.1.5, 1.2.2.5, 1.2.2.9, Table 1.2-3, 1.2.4.3, and 8.3

3.1.7.4 Criterion 40 - Missile Protection

Protection for engineered safety features shall be provided against dynamic effects and missiles
that might result from plant equipment failures.

Response

Components of the ESF which are required to function after design basis accidents or incidents
are designed to withstand the most severe forces and environmental effects, including missiles
from plant equipment failures anticipated from the events, without impairment of performance
capability and without accentuating adverse aftereffects of the accident.

Applicable FSAR Sections: 5.2.3.8, 6.2.3.2, and 6.2.5.2a

Applicable UFSAR Sections: 3.5 and 6.3
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3.1.7.5 Criterion 41 - ESF Performance Capability

Engineered safety features such as emergency core cooling and containment heat removal
systems shall provide sufficient performance capability to accommodate partial loss of installed
capacity and still fulfill the required safety functions. As a minimum, each engineered safety
feature shall provide this required safety function assuming a failure of a single active
component.

Response

The emergency core cooling systems (ECCS) are designed so that at least two different ECCS of
different phenomena are provided to prevent clad melt over the entire spectrum of postulated
design basis reactor primary system breaks. Such capability is available concurrently with the
loss of all offsite ac power. The ECCS individual systems themselves are designed to various
levels of component redundancy such that no single active component failure in addition to the
accident will negate the required emergency core cooling capability.

Applicable FSAR Sections: 5.1, 5.2.2, 5.3.2, 6, and 8

Applicable UFSAR Sections: 6.0, 6.2, 6.3, 6.5, and 8

3.1.7.6 Criterion 42 - ESF Component

Engineered safety features shall be designed so that the capability of each component and system
to perform its required function is not impaired by the effects of a loss-of-coolant accident.

Response
Components of the ESF which are required to function after design basis accidents or incidents
are designed to withstand the most severe forces and environmental effects, including missiles

from plant equipment failures anticipated from the events, without impairment of performance
capability and without accentuating adverse aftereffects of the accident.

Applicable FSAR Sections: 1.2.1d, 5.2.3.8, and 6

Applicable UFSAR Sections: 1.2.1, 6, and 6.2

3.1.7.7 Criterion 43 - Accident Aggravation Prevention

Engineered safety features shall be designed so that any action of the engineered safety features
which might accentuate the adverse aftereffects of the loss of normal cooling is avoided.
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Response

Components of the ESF which are required to function after design basis accidents or incidents
are designed to withstand the most severe forces and environmental effects, including missiles
from plant equipment failures anticipated from the events, without impairment of performance
capability and without accentuating adverse aftereffects of the accident.

Applicable FSAR Sections: 6.2.3.2, 6.2.4.2, 6.2.5.2, 6.2.5.3, 6.2.5.4, and 6.3

Applicable UFSAR Sections: 1.2.1, 5.4, 6.0, 6.2, 6.3.2, 6.3.3, 6.3.4, and 9.2

3.1.7.8 Criterion 44 - Emergency Core Cooling System Capability

At least two emergency core cooling systems, preferably of different design principles, each with a
capability for accomplishing abundant emergency core cooling, shall be provided. Each
emergency core cooling system and the core shall be designed to prevent fuel and clad damage
that would interfere with the emergency core cooling function and to limit the clad metal-water
reaction to negligible amounts for all sizes of breaks in the reactor coolant pressure boundary,
including the double-ended rupture of the largest pipe. The performance of each emergency core
cooling system shall be evaluated conservatively in each area of uncertainty. The systems shall
not share active components and shall not share other features or components unless it can be
demonstrated that (a) the capability of the shared feature or component to perform its required
function can be readily ascertained during reactor operation, (b) failure of the shared feature or
component does not initiate a loss-of-coolant accident, and (c) capability of the shared feature or
component to perform its required function is not impaired by the effects of a loss-of-coolant
accident and is not lost during the entire period this function is required following the accident.

Response

The emergency core cooling systems (ECCS) are designed so that at least two different ECCS of
different phenomena are provided to prevent clad melt over the entire spectrum of postulated
design basis reactor primary system breaks. Such capability is available concurrently with the
loss of all offsite ac power. The ECCS individual systems themselves are designed to various
levels of component redundancy such that no single active component failure in addition to the
accident will negate the required emergency core cooling capability.

Applicable FSAR Sections: 5.2.3.4, 6.2.1, 6.2.4.2, and 6.2.5.1

Applicable UFSAR Sections: 5.4, 6.1, 6.3, and 7.3

3.1.7.9 Criterion 45 - Inspection of Emergency Core Cooling Systems

Design provisions shall be made to facilitate physical inspection of all critical parts of the
emergency core cooling system, including reactor vessel internals and water injection nozzles.
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Response

Design provisions have been made to enable physical and visual inspection of the ECCS
components.

Applicable FSAR Sections: 6.2.3.4, 6.2.4.4, 6.2.5.1, and 6.2.5.4

Applicable UFSAR Sections: 4.6, 5.4, and 6.3

3.1.7.10 Criterion 46 - Testing of ECCS Components

Design provision shall be made so that active components of the emergency core cooling systems,
such as pumps and valves, can be tested periodically for operability and required functional
performance.

Response

To assure that the ECCS will function properly, if needed, specific provisions have been made for
testing the sequential operability and functional performance of each individual system.

Applicable FSAR Sections: 6.2.3.4, 6.2.4.4, and 6.2.5.4

Applicable UFSAR Sections: 5.4 and 6.3

3.1.7.11 Criterion 47 - Testing of ECCS

A capability shall be provided to test periodically the delivery capability of the emergency core
cooling system at a location as close to the core as is practical.

Response

To assure that the ECCS will function properly, if needed, specific provisions have been made for
testing the sequential operability and functional performance of each individual system.

Applicable FSAR Sections: 6.2.3.4, 6.2.4.4, and 6.2.5.4

Applicable UFSAR Section: 6.3

3.1.7.12 Criterion 48 - Testing of Operational Sequence of ECCS

A capability shall be provided to test under conditions as close to design as practical the full
operational sequence that would bring the emergency core cooling systems into action, including
the transfer to alternate power sources.
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Response

To assure that the ECCS will function properly, if needed, specific provisions have been made for
testing the sequential operability and functional performance of each individual system.

Applicable FSAR Sections: 6.2.3.4, 6.2.4.4, 6.2.5.4, and 8.3.1

Applicable UFSAR Section: 4.6, 5.4, 6.3.4, and 8.3.1

3.1.7.13  Criterion 49 - Containment Design Basis

The containment structure, including access openings and penetrations, and any necessary
containment heat removal systems shall be designed so that the containment structure can
accommodate without exceeding the design leakage rate the pressures and temperatures
resulting from the largest credible energy release following a loss-of-coolant accident, including a
considerable margin for effects from metal-water or other chemical reactions that could occur as a
consequence of failure of emergency core cooling systems.

Response

The primary containment structure, including access openings and penetrations, is designed to
withstand the peak transient pressure and temperatures which could occur due to the postulated
design basis loss-of-coolant accident. The containment design includes considerable allowance for
energy addition, including allowance for effects from metal-water or other chemical reactions
beyond conditions that would occur with normal operation of emergency core cooling systems

(ECCS). [3.1.10]
Applicable FSAR Sections: 1.2.3 and 5.2.3.4

Applicable UFSAR Sections: 1.2.1, 6.2.1, and 6.2.5

3.1.7.14 Criterion 50 - NDT Requirements for Containment Material

Principal load carrying components of ferritic materials exposed to the external environment
shall be selected so that their temperatures under normal operating and testing conditions are
not less than 30°F above nil ductility transition (NDT) temperature. [3.1.11]

Response

Plates, structural members, forgings and pipe associated with the drywell have an initial NDT
temperature of approximately 0°F when tested in accordance with the appropriate code for the
materials. It is intended that the drywell will not be pressurized or subjected to substantial
stress at temperatures below 30°F. Provisions are made for the removal of heat from within the
plant containment system and to isolate the various process system lines as may be necessary to
maintain the integrity of the plant containment systems as long as necessary following the
various postulated design basis accidents. The integrity of the complete plant containment is
designed and maintained so that the offsite doses resulting from postulated design basis
accidents would be below the values stated in 10 CFR 100.
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Applicable FSAR Section: 5.2.3.1

Applicable UFSAR Section: 3.8.2 and 6.2.1

3.1.7.15  Criterion 51 - Reactor Coolant Pressure Boundary Outside Containment

If part of the reactor coolant pressure boundary is outside the containment, appropriate features
as necessary shall be provided to protect the health and safety of the public in case of an
accidental rupture in that part. Determination of the appropriateness of features such as
isolation valves and additional containment shall include consideration of the environmental and
population conditions surrounding the site.

Response

Plates, structural members, forgings and pipe associated with the drywell have an initial NDT
temperature of approximately 0°F when tested in accordance with the appropriate code for the
materials. It is intended that the drywell will not be pressurized or subjected to substantial
stress at temperatures below 30°F.

Provisions are made for the removal of heat from within the plant containment system and to
isolate the various process system lines as may be necessary to maintain the integrity of the
plant containment systems as long as necessary following the various postulated design basis
accidents. The integrity of the complete plant containment is designed and maintained so that
the offsite doses resulting from postulated design basis accidents would be below the values
stated in 10 CFR 100.

Applicable FSAR Section: 1.2.3e, 5.2.2, 5.3, and 6.4

Applicable UFSAR Sections: 1.2.1, 6.2, and 5.4

3.1.7.16  Criterion 52 - Containment Heat Removal Systems

Where active heat removal systems are needed under accident conditions to prevent exceeding
containment design pressure, at least two systems, preferably of different principles, each with
full capacity, shall be provided.

Response

The pressure suppression concept phenomena and the containment spray cooling system provide
two different means to rapidly condense the steam portion of the flow from the postulated design
basis loss-of-coolant accident so that the peak transient pressure would be substantially less than
the primary containment design pressure.

Applicable FSAR Sections: 1.2.3b, 5.2.1, 5.2.2, 5.3.2, and 6.2.4.2

Applicable UFSAR Sections: 1.2.1, 6.2, and 6.3
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3.1.7.17 Criterion 53 - Containment Isolation Valves

Penetrations that require closure for the containment function shall be protected by redundant
valving and associated apparatus.

Response

All pipes or ducts which penetrate the primary containment and which connect to the reactor
coolant system or to the drywell are provided with at least two isolation valves in series.

Applicable FSAR Sections: 5.2.2, 5.2.4, 5.3.2, and 7.7.2

Applicable UFSAR Sections: 6.2.1, 6.2.2, 6.2.3, and 7.3.2

3.1.7.18 Criterion 54 - Containment Leakage Rate Testing

Containment shall be designed so that integrated leakage rate testing can be conducted at design
pressure after completion and installation of all penetrations and the leakage rate measured over
a sufficient period of time to verify its conformance with required performance.

Response

Plates, structural members, forgings and pipe associated with the drywell have an initial NDT
temperature of approximately 0°F when tested in accordance with the appropriate code for the
materials. It is intended that the drywell will not be pressurized or subjected to substantial
stress at temperatures below 30°F. Provisions are made for the removal of heat from within the
plant containment system and to isolate the various process system lines as may be necessary to
maintain the integrity of the plant containment systems as long as necessary following the
various postulated design basis accidents.

The integrity of the complete plant containment is designed and maintained so that the offsite
doses resulting from postulated design basis accidents would be below the values stated in 10
CFR 100. The plant design includes preoperational pressure and leak rate testing of the primary
containment system, and a capability for leak testing at design pressure after the plant has
commenced operation.

Applicable FSAR Sections: 1.2.3d, 5.2.4, and 5.3.4

Applicable UFSAR Sections: 1.2.1, 6.2.3, and 6.2.6

3.1.7.19  Criterion 55 - Containment Periodic LLeakage Rate Testing

The containment shall be designed so that integrated leakage rate testing can be done
periodically at design pressure during plant lifetime.
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Response

The plant design includes preoperational pressure and leak rate testing of the primary
containment system, and a capability for leak testing at design pressure after the plant has
commenced operation.

Periodic tests during the lifetime of the units are made at pressures which permit extrapolation
of results to the design accident pressure conditions, using relationships established initially for
comparative leakage at these two conditions.

Applicable FSAR Sections: 1.2.3d, 5.2.4.1, and 5.3.4

Applicable UFSAR Sections: 1.2 and 6.2.6

3.1.7.20 Criterion 56 - Provision for Testing of Penetrations

Provisions shall be made for testing penetrations which have resilient seals or expansion bellows
to permit leaktightness to be demonstrated at design pressure at any time.

Response

Provisions are made for demonstrating the functional performance of the plant containment
system isolation valves and leak testing of selected penetrations.

Applicable FSAR Section: 5.2.4.2

Applicable UFSAR Section: 6.2.6.2

3.1.7.21 Criterion 57 - Provisions for Testing of Isolation Valves

Capability shall be provided for testing functional operability of valves and associated apparatus
essential to the containment function for establishing that no failure has occurred and for
determining that valve leakage does not exceed acceptable limits.

Response

Provisions are made for demonstrating the functional performance of the plant containment
system isolation valves and leak testing of selected penetrations.

Applicable FSAR Section: 5.2.4.3

Applicable UFSAR Section: 6.2.6.3

3.1.7.22  Criterion 58 - Inspection of Containment Pressure-Reducing Systems

Design provisions shall be made to facilitate the periodic physical inspection of all important
components of the containment pressure-reducing systems, such as, pumps, valves, spray
nozzles, torus, and sumps.
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Response

Demonstration of operability and ability to test the functional performance and inspect the
containment spray/cooling system is provided.

Applicable FSAR Section: 5.2.4, 6.2.4.4, and 6.2.4.1

Applicable UFSAR Sections: 6.2.1 and 6.2.2

3.1.7.23  Criterion 59 - Testing of Containment Pressure-Reducing System Components

The containment pressure-reducing systems shall be designed so that active components, such as
pumps and valves, can be tested periodically for operability and required functional performance.

Response

Demonstration of operability and ability to test the functional performance and inspect the
containment spray/cooling system is provided.

Applicable FSAR Section: 6.2.4.4

Applicable UFSAR Section: 6.2.2

3.1.7.24  Criterion 60 - Testing of Containment Spray Systems

A capability shall be provided to test periodically the delivery capability of the containment spray
system at a position as close to the spray nozzles as is practical.

Response

Demonstration of operability and ability to test the functional performance and inspect the
containment spray/cooling system is provided.

Applicable FSAR Section: 6.2.4.4

Applicable UFSAR Section: 6.2.2

3.1.7.25  Criterion 61 - Testing of Operational Sequence of Containment Pressure-Reducing
Systems

A capability shall be provided to test under conditions as close to the design as practical the full
operational sequence that would bring the containment pressure-reducing systems into action,
including the transfer to alternate power sources.

Revision 5, June 1999
3.1-30



QUAD CITIES — UFSAR
Response

Demonstration of operability and ability to test the functional performance and inspect the
containment spray/cooling system is provided.

Applicable FSAR Section: 5.2

Applicable UFSAR Section: 6.2.2 and 8.3

3.1.7.26  Criterion 62 - Inspection of Air Cleanup Systems

Design provisions shall be made to facilitate physical inspection of all critical parts of
containment air cleanup systems, such as, ducts, filters, fans, and dampers.

Response
The standby gas treatment system may be physically inspected and its operability demonstrated.
Applicable FSAR Sections: 5.3.2, 5.3.4, and 10.10

Applicable UFSAR Sections: 6.2.3, 6.5, and 9.4

3.1.7.27 Criterion 63 - Testing of Air Cleanup Systems Components

Design provisions shall be made so that active components of the air cleanup systems, such as
fans and dampers, can be tested periodically for operability and required functional performance.

Response
The standby gas treatment system may be physically inspected and its operability demonstrated.
Applicable FSAR Sections: 5.3.2, 5.3.4, and 10.10

Applicable UFSAR Sections: 6.2.3, 6.5, and 9.4

3.1.7.28 Criterion 64 - Testing of Air Cleanup Systems

A capability shall be provided for in situ periodic testing and surveillance of the air cleanup
systems to ensure (a) filter bypass paths have not developed and (b) filter and trapping materials
have not deteriorated beyond acceptable limits.
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Response

The secondary containment-standby gas treatment system is designed such that means are
provided for periodic testing of the system performance including tracer injection and sampling.

Applicable FSAR Sections: 5.3.2, 5.3.4, and 10.10

Applicable UFSAR Sections: 6.2.3 and 6.5

3.1.7.29 Criterion 65 - Testing of Operational Sequence of Air Cleanup Systems

A capability shall be provided to test under conditions as close to design as practical the full
operational sequence that would bring the air cleanup systems into action, including the transfer
to alternate power sources and the design air flow delivery capability.

Response
The standby gas treatment system may be physically inspected and its operability demonstrated.
Applicable FSAR Sections: 5.3.2, 5.3.4, 7.6.2.4, and 10.10

Applicable UFSAR Sections: 6.2.3, 6.5, 8.3, and 11.5

3.1.8 Group VIII - Fuel and Waste Storage Systems

The intent of the draft of the proposed criteria for this group is to establish the safety of fuel and
waste storage systems design and to identify the means used to satisfy these design
requirements. [3.1.12]

It is concluded that the design of this plant is in conformance with criteria of Group VIII based on
our interpretation of the intent of these criteria.

The text of each criterion, CECo's response, and references to applicable sections of the UFSAR
and FSAR are given in the following for individual criteria in this group.

3.1.8.1 Criterion 66 - Prevention of Fuel Storage Criticality

Criticality in new and spent fuel storage shall be prevented by physical systems or processes.
Such means as geometrically safe configurations shall be emphasized over procedural controls.
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Response

Appropriate plant fuel handling and storage facilities are provided to preclude accidental
criticality and to provide sufficient cooling for spent fuel. The new fuel storage vault racks
(located inside the secondary containment reactor building) are top entry, and are

designed to prevent an accidental critical array, even in the event the vault becomes flooded.
Vault drainage is provided to prevent possible water collection. With the exception of spent fuel
stored in the Dry Cask Storage (DCS) system described in Section 9.1.2.4, the handling and
storage of spent fuel, which takes place entirely within the reactor building (which provides
containment), is done in the spent fuel storage pool. The pool has provisions to maintain water
clarity, temperature control and instrumentation to monitor water level. Water depth in the pool
will be such as to provide sufficient shielding for normal reactor building occupancy (10 CFR 20)
by operating personnel. The racks in which spent fuel assemblies are placed are designed and
arranged to insure subcriticality in the storage pool. The spent fuel pool cooling and
demineralizer system is designed to maintain the pool water temperature (decay heat removal) to
control water clarity (safe fuel movement), and to reduce water radioactivity (shielding and
effluent release control).

Applicable FSAR Sections: 1.2.8, 1.3.7, and 10.1
Applicable UFSAR Sections: 1.2.1, 1.2.2, and 9.1

3.1.8.2 Criterion 67 - Fuel and Waste Storage Decay Heat

Reliable decay heat removal systems shall be designed to prevent damage to the fuel in storage
facilities that could result in radioactivity release to plant operating areas or the public environs.

Response

Appropriate plant fuel handling and storage facilities are provided to preclude accidental
criticality and to provide sufficient cooling for spent fuel. With the exception of spent fuel stored
in the DCS system described in Section 9.1.2.4, the handling and storage of spent fuel, which
takes place entirely within the reactor building (which provides containment), is done in the
spent fuel storage pool. The pool has provisions to maintain water clarity, temperature control
and instrumentation to monitor water level. Water depth in the pool will be such as to provide
sufficient shielding for normal reactor building occupancy (10 CFR 20) by operating personnel.
The racks in which spent fuel assemblies are placed are designed and arranged to insure
subcriticality in the storage pool. The spent fuel pool cooling and demineralizer system is
designed to maintain the pool water temperature (decay heat removal), to control water clarity
(safe fuel movement), and to reduce water radioactivity (shielding and effluent release control).

Applicable FSAR Sections: 1.2.8 and 10.1
Applicable UFSAR Sections: 1.2.1 and 9.1

3.1.8.3 Criterion 68 - Fuel and Waste Storage Radiation Shielding

Shielding for radiation protection shall be provided in the design of spent fuel and waste storage
facilities as required to meet the requirements of 10 CFR 20.
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Response

With the exception of spent fuel stored in the DCS system described in Section 9.1.2.4, the
handling and storage of spent fuel, which takes place entirely within the reactor building (which
provides containment), is done in the spent fuel storage pool. Water depth in the pool will be
such as to provide sufficient shielding for normal reactor building occupancy (10 CFR 20) by
operating personnel. The racks in which spent fuel assemblies are placed are designed and
arranged to insure subcriticality in the storage pool. The spent fuel pool cooling and
demineralizer system is designed to maintain the pool water temperature (decay heat removal),
to control water clarity (safe fuel movement), and to reduce water radioactivity (shielding and
effluent release control). Accessible portions of the reactor and radwaste buildings have
sufficient shielding to maintain dose rates within 10 CFR 20. The radwaste building is designed
to preclude accidental release of radioactive materials to the environs.

Applicable FSAR Section: 10.1
Applicable UFSAR Section: 9.1 and 12.3

3.1.8.4 Criterion 69 - Protection Against Radioactivity Release from Spent Fuel and Waste
Storage

Containment of fuel and waste storage shall be provided if accidents could lead to release of
undue amounts of radioactivity to the public environs.

Response

With the exception of spent fuel stored in the DCS system described in Section 9.1.2.4, the
handling and storage of spent fuel, which takes place entirely within the reactor building (which
provides containment), is done in the spent fuel storage pool. The pool has provisions to
maintain water clarity, temperature control and instrumentation to monitor water level. Water
depth in the pool will be such as to provide sufficient shielding for normal reactor building
occupancy (10 CFR 20) by operating personnel. The racks in which spent fuel assemblies are
placed in designed and arranged to insure subcriticality in the storage pool.

Applicable FSAR Sections: 1.2.3, 1.3.4.2, 5.3, 9, and 10.1
Applicable UFSAR Sections: 1.2.1, 1.2.2, 6.2.3, 9.1, 11.2, 11.3, 11.4, 12.3, and 12.5

3.1.9 Group IX - Plant Effluents

The intent of the draft of the proposed criterion for this group is to establish the plant effluent

release limits and to identify the means of controlling the releases within these guide limits.
[3.1.13]

It is concluded that the design of this plant is in conformance with the criterion of Group IX
based on our interpretation of the intent of this criterion.

The text of the criterion, CECo's response, and references to applicable sections of the UFSAR
and FSAR are given in the following for the criterion in this group.
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3.1.9.1 Criterion 70 - Control of Releases of Radioactivity to the Environment

The facility design shall include those means necessary to maintain control over the plant
radioactive effluents, whether gaseous, liquid, or solid. Appropriate holdup capacity shall
be provided for retention of gaseous, liquid, or solid effluents, particularly where
unfavorable environmental conditions can be expected to require operational limitations
upon the release of radioactive effluents to the environment. In all cases, the design for
radioactivity control shall be justified (a) on the basis of 10 CFR 20 requirements for normal
operations and for any transient situation that might reasonably be anticipated to occur
and (b) on the basis of 10 CFR 100 dosage level guidelines for potential reactor accidents of
exceedingly low probability of occurrence except that reduction of the recommended dosage
levels may be required where high population densities or very large cities can be affected
by the radioactive effluents.

Response

The plant radioactive waste control system (which includes the liquid, gaseous, and solid
radwaste subsystems) is designed to limit offsite radiation levels below those set forth in
10 CFR 20. The plant engineered safety systems (including the containment barriers) are
designed to limit the offsite dose under various postulated design basis accidents to levels
significantly below 10 CFR 100. The air ejector off-gas system is designed with sufficient
holdup retention capacity so that during normal plant operation the controlled release of
radioactive materials does not exceed the established release limits at the plant elevated
stack.

Refer to Section 9.1.2.4 for a description of spent fuel storage and handling using the DCS
system and the Independent Spent Fuel Storage Installation (ISFSI).

Applicable FSAR Sections: 1.2.6, 1.3.11, 1.5.1, 1.5.2, 5.2.1, 5.2.2, 5.3, 7.6, 9, and 10.10

Applicable UFSAR Sections: 1.2.1, 1.2.2, 1.2.4, 6.2.1, 6.2.3, 6.5, 9.1, 9.4, 11.2, 11.3, 11.4,
11.5.4,12.3, and 12.5
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3.1.10 References

1. Generic Letter 95-04, Final Disposition of the Systematic Evaluation Program
Lessons-Learned Issues, April 28, 1995.

2. Quad Cities Nuclear Power Plant — Review of Individual Plant Examination of
External Events IPEEE) Submittal, April 26, 2001.
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3.2 CLASSIFICATION OF STRUCTURES, COMPONENTS., AND SYSTEMS

The plant structures and equipment are divided into two categories as related to safety.
The categories are defined as: [3.2.1]

* ClassI - Those structures and equipment of which a failure thereof could
cause significant release of radioactivity (i.e. calculated off-site
doses in excess of 10 CFR 100 or 10 CFR 50.67 as applicable) or |
are vital to a safe plant shutdown.

+ ClassII - All other structures and equipment which are utilized in the
station operation but are not essential to a safe shutdown.

Implementation of these definitions has resulted in specific structures, systems, and
components being classified as Class I. Unless specified otherwise in the FSAR, other
structures and equipment not listed as Class I are Class II. The Class I systems and
structures are as follows:

3.2.1 Class I - Structures

A. Reactor Building
B. Primary Containment Vessel

C. Control Room (including the auxiliary electrical equipment room
and the cable spreading room)

D. 310-foot Concrete Chimney
E. Floor Drain Surge Tank Structure [3.2.2]

F. New Fuel Storage Vault [3.2.3]

3.2.2 Class I - Systems (mechanical)

Core Spray [3.2.4]

High Pressure Coolant Injection (HPCI)

Standby Liquid Control (SBLC)

Residual Heat Removal (RHR) including RHR Service Water piping. [3.2.5]
Standby Gas Treatment (SBGT) [3.2.6]

Control Room Emergency Ventilation [3.2.7]

@ =2 =2 09 o % »

Diesel-Generator Cooling Water and Fuel Oil Supply [3.2.8]

Revision 9, October 2007
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3.2.3 Class I - Nuclear Steam Supply Equipment

3.2.4

3.2.5

A. Reactor Vessel [3.2.9]

B. Reactor Vessel Supports

= O O

1.

2.

3.

4.

5.

6.

Control Rod Drive System components necessary for scram
. Control Rod Drive Housing Supports

Primary Reactor Internals including:

Fuel Assemblies
Control Rods

Core Shroud

Core Support

Steam Separators (*)

Steam Dryer (¥)

(*) These components are Class 1 Seismic but not safety-related.

F. Reactor Recirculating Water Subsystem

Class I - Systems (electrical)

A. Standby Diesel Generators (AC emergency power)

B. Station Batteries (DC power)

C. Essential buses and other electrical gear essential for the operation of Class I
systems and equipment as listed herein.

D. Automatic Depressurization System [3.2.10]

Class I - Instrumentation and Controls

A. Reactor Protection System

= o a &

Primary Containment Isolation System
Neutron Monitoring System
ECCS System Instrumentation

Control Rod Drive Instrumentation

3.2-2 Revision 8, October 2005
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F. Suppression Pool Temperature Monitoring System [3.2.11]
G. Containment Air Monitoring System [3.2.12]

H. Alternate Rod Insertion System [3.2.13]

3.2.6 Class I - Miscellaneous Category

A. Spent Fuel Storage facilities [3.2.14]

B. All piping systems connected to the RPV from the vessel, up to and including the
outer isolation valve external to the drywell.

C. That portion of all other lines which penetrate or are attached to the primary
containment, i.e., from the point of origin out to and including the outer isolation
valve external to the primary containment.

There are a few cases where Class I items are located within Class II structures. These
are:

A. Standby Diesel Generators 1 and 2 in Turbine Building Drawing M-5

B. Diesel Generator Cooling Water Pumps in Turbine Drawing M-6 and
Building M-10

C. 4kV ECCS Switchgear in Turbine Building Drawing M-5

D. RHR Service Water Pumps in Turbine Building Drawing M-8

E. Batteries & Associated Equipment in Turbine Building Drawing M-10

F. Control Room Emergency Ventilation in Turbine Building Drawing M-725

[3.2.15]
G. HPCI system in Turbine Building Drawing M-6
H. Cables in Cable Tunnel in Turbine Building Drawing M-5
I. Unit 1/2 Diesel in Diesel Building Drawing M-5

Structural design of the buildings and the capabilities to withstand seismic events are
discussed in greater detail in Section 3.8. However, to summarize, the location of the
previously listed equipment has been investigated to assure that such areas of Class II
structures will afford Class I protection to these components. Hence, although some Class
I components are located within a Class IT Building, the location of such components has
been selected to assure that an equal degree of safety against structural failure is afforded
as to Class I equipment located within the Class I reactor building. This conclusion can be
seen from viewing the referenced figures for each component, noting the elevations and
protective concrete structural walls and reviewing the methods of analysis.

Revision 13, October 2015
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3.2.7 Identification of Safety-Related Components of Systems or Structures

Generic Letter 83-28, "Required Actions Based on Generic Implications of Salem ATWS
Events," defines safety-related systems and components as those necessary to assure:
[3.2.16]

1. The integrity of the reactor coolant pressure boundary,

2. The capability to shut down the reactor and maintain it in a safe shutdown
condition, or

3. The capability to prevent or mitigate the consequences of accidents which could
result in potential offsite exposures comparable to those referred to in
10 CFR 100.11 (or 10 CFR 50.67 as applicable).

Subsequent to Generic Letter 83-28, a reclassification of certain mechanical and electrical
systems and components was undertaken utilizing the “Guideline for Safety Classification
of Systems, Components, and Parts Used in Nuclear Power Plant Applications (NCIG-17)
NP-6895 Research Project Q101-20 Final Report, February 1991. The definitions of safety-
related systems and components in NCIG-17 conform with the definition for safety-related
equipment contained in the footnote of item 2.2 of Generic Letter 83-28. For purposes of
the reclassification, the term safety-related as defined above and safety Class I as defined
in Section 3.2 are considered to be synonymous. However, should a difference arise, the
licensing commitment (i.e., historical definition of Safety Class I) shall govern.

Classification of a system or structure as safety-related does not imply that every
associated component is safety-related; individual components of safety-related systems or
structures may be classified as non safety-related. Detailed application of safety-related
classification is identified in the station’s work control system data base. The station’s
work control system data base complies with Generic Letter 83-28 for safety-related
equipment classification identification.

The MEL includes the Requirements Summary Matrices (RSMs), which delineate the
approach to system and components where a graded QA program was applied.

3.2.8 Industry Code Applicability to Reactor Coolant Pressure Boundary Components

Codes and standards applied to individual systems and components are contained in their
specific UFSAR sections. [3.2.17]

3.2.8.1 Valves (Except Main Steam, Safety, and Relief Valves

A. USAS (ASA) B31.1, 1955 Edition, Code Cases N-7, N-9, and N-10
1. USAS (ASA) B31.1.0, MSS-SP66
2. USAS (ASA) B31.1.0, MSS-SP61

B. ASME Boiler & Pressure Vessel Code, Section 1, Summer 1965 Addenda

C. ASME Boiler & Pressure Vessel Code, Section III, Summer 1965 Edition,
Summer 1965 Addenda

Revision 9, October 2007
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Paragraph N323
Paragraph N624.2 — N624.7
Paragraph N322
Paragraph N624
Paragraph N627
Paragraph N325

SO o=

D. ASME Boiler & Pressure Vessel Code, Section VIII, 1965 Edition.

Revision 6, October 2001
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3.2.8.2 Reactor Recirculation Pumps

A. USAS (ASA) B31.1, 1955 Edition, Code Case N-7, N-9, and N-10

B. ASME Boiler & Pressure Vessel Code, Section III, Class C, 1965 Edition,
Winter 1965 Addenda
1. Paragraph N323.1

Paragraph N624.2 - N624.7

Paragraph N322

Paragraph N624

Paragraph N627

Paragraph N325

SO W

C. ASME Boiler & Pressure Vessel Code, Section VIII, 1965 Edition

3.2.8.3 Main Steam Isolation, Safety and Relief Valves

USAS (ASA) B31.1, 1955 Edition

USAS (ASA) B31.1, 1967 Edition

USAS (ASA) B31, Code Cases N-2, N-7, N9, and N-10
ASME III (Target Rock SRV)

ASME III, 1980 Edition, Winter 1980 Addenda without Code Stamp (ERVs)

| = 9 a w o»

ASME III, 1995 Edition with 1996 Addenda without Code Stamp (ERVs)

3.2.8.4 Reactor Pressure Vessel

A. ASME Boiler & Pressure Vessel Code, Section III, 1965 Edition, Summer
1965 Addenda.

Paragraph N-152.b; Summer 1967 Addenda

2. Figure N-414; Winter 1966 Addenda

3. Figure N-462.4.d; Summer 1967 Addenda

4. Table N-525; Winter 1966 Addenda

5. Paragraph N-626.5; Winter 1966 Addenda

6. Paragraph N-627.7; Winter 1966 Addenda

—

ASME Code Cases

1. 1332-1, Paragraph 5
2. 1332-2

3. 1335, Paragraph 4
4. 1355.2, Paragraph 4
5. 1336, Paragraph 1

6. 1355

7. 1441

3.2-5 Revision 8, October 2005
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3.2.8.5 Piping System

A. USAS (ASA) B31.1, 1967 Edition [3.2.18]

3.2.9 Industry Code Applicability to Non Reactor Coolant Pressure Boundary

Components

The following list contains other components or systems for which codes and standards are
applicable in-whole or in-part. Where appropriate, the applicable UFSAR section which

discusses this code or standard is listed.

SYSTEM

ACAD

Cable new installations
CAM

CAM Pressure Retaining Components

Condensate Pit Level Alarms

Containment

Containment Penetrations
Containment Penetration fitting design
Control Rod Drive

Core Spray Piping

Core Spray Pumps

Core Spray Spargers & Nozzles

Core Spray Vessel Nozzle
Drywell-Suppression Chamber
Vacuum Bkr

Electrical Distribution UV Relays

CODE
ASME III, 1974 through summer 1976
Addendum; IEEE 279; 323-1974; 344-1975,
384 [3.2.19]
IEEE 383-1974 (see Section 9.5.1)
IEEE 279, 323-1974, 344-1975, 384 [3.2.20]
ASME III, Division I, NA-4000, NC-2000,
NC-4000, NE-2000, NE-5000, and NE-4000,
1974 through Summer 1976 Addendum (see
Section 6.2.5.2)
IEEE 279 (see Section 3.4)

ASME III, 1965 through Winter 1965
Addendum, Class B (see Section 6.2.1)

ASME III, Class B (see Section 3.8.2.1) [3.2.21]
ASME VIII (see Section 3.8.2.1.7) [3.2.22]
ASME III [3.2.23]

USAS B31.1 (see Table 6.3-4) [3.2.24]

ASME III, Class C (see Table 6.3-4) [3.2.25]
ASME III, 1965 (see Section 6.3.2.1.2)

ASME SA 336, Code Case 1332 (see
Section 6.3.2.1.2)

IEEE-279 (see Section 6.2)
IEEE 279-1971, 323-1971, 384-1974, (see
Section 8.3) [3.2.26]

Revision 6, October 2001
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Feedwater Piping

Fuel Pool Cooling/Cleanup Filters/Demin

HPCI Piping

HPCI Pumps

Main Steam Piping

Main Steam and Feedwater Welding
Off-Gas Piping

Off-Gas Recombiner/Adsorber

Reactor Protection System

Refueling Bridge Rails

RHR Heat Exchanger Shell Side

RHR Heat Exchanger Tube Side
[3.2.27]

Main RHR Pumps

RWCU Filter Demineralizer

Vessels & Pumps

RWCU Regenerative Heat Exchangers

Spent Fuel Racks

SPTMS

SRVDL Vacuum Breakers

TIP Guide Tubes

ASA B31.1 (see Section 10.3)
ASME VIII (see Section 9.1.3)

USAS B31.1 & ASME Section 1 (see Section
6.3.2.3.2)

ASME VIII (see Section 6.3.2.3.2)

USAS B31.1 & ASME I (see Section 10.3)
ASME IX (see Section 10.3)

ASA B31.1 (see Section 10.4.2.1)

ASME III, Subsection ND, Class 3 &
ANSI B31.1-1971 (see Section 10.4.2.1)

IEEE 279-1966 (see Section 7.2.1)
ASME II, ASME IX (see Section 9.1.4)

ASME III, Class C Winter 1966 Addenda,
N2113 (see Section 6.3 and Section 9.2.1)

ASME VIII (see Section 6.3 and Section 9.2.1)
ASME III, Class C; Hydraulic Institute
Standards (see Table 5.4-5)

ASME III, Class C (see Section 5.4.8)

ASME VIII (see Section 5.4.8)

ASME III, 1980, Subsection NF; ASME
Appendix XVII (see Section 9.1.2)

IEEE 279-1971, 323-1974, 344-1971 or 1975
(see Section 6.2)

ASME III, Subsection NC, 1977 through
Summer 1977 Addenda, Class 2 (see Section
6.2)

ASME VIII (see Section 6.2)

Revision 15, October 2019
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3.3 WIND AND TORNADO LOADINGS

This section summarizes the pertinent features used in the design of the station for
consideration of wind and tornado loads. [3.3-1]

Two major considerations result from wind and tornado loadings: first, the capability of the
structure to withstand pressure forces generated (Section 3.3.1 and 3.3.2) and, second, the
resulting effects of missiles (Section 3.5) propelled by excessively high winds that could
occur 1n some tornado conditions. [3.3-2]

3.3.1 Wind Loadings

3.3.1.1 Design Wind Velocity

As a minimum, all structures except those walls surrounding the control room HVAC
system (Section 3.3.1.1.3) are designed to withstand a 110-mph wind load which is in excess
of the Uniform Building Code requirements. The applicability of the 110-mph as the design
wind velocity is discussed in Section 2.3.2. Certain structures, the reactor building for
example, are capable of withstanding pressures generated by winds well in excess of 110-
mph. These safety related structures are discussed in greater detail in the following
sections. [3.3-3]

3.3.1.1.1 Reactor Building

This structure encloses the reactor, the primary containment, and most of the equipment
associated with the safe shutdown of the reactor. However, operation of the plant requires
that certain parts of the building be removable, and as a result, two types of construction
have been selected. The lower portion of the building is a reinforced concrete structure,
whereas the upper portion is a structural steel design with metal siding. [3.3-4]

The entire structure encompasses what is known as the secondary containment, discussed
in Section 6.2. The reinforced concrete portion of the building extends from the foundation,
elevation 548 feet, to the reactor refueling floor at elevation 690.5 feet. The structural steel
superstructure extends from elevation 690.5 feet to the roof level, elevation 737 feet. These
two portions of the building have different wind resistance capacities.

The superstructure is capable of withstanding a load generated by a 300-mph wind. The
resulting stresses in the steel frame at this wind load are equal to the yield stress.
However, such stresses are not present in all the structural members such as those
supporting the reactor building crane.

The resistance of the lower reinforced concrete portion and the steel siding are discussed in
Sections 3.3.2.2.1 and 3.3.2.2.2, respectively.

3.3-1
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3.3.1.1.2 310-Foot Concrete Chimney

The concrete chimney is designed for a wind velocity of 110 mph but is capable of
withstanding substantially higher wind speeds. A wind speed of 217 mph is estimated to
cause the chimney to fail at a point 60 feet above grade. At this wind speed, the reinforcing
steel could theoretically rupture in tension and the chimney would then rotate about a
point on the outer shell (on the opposite side from the failed steel), then fall to the ground.
Since the wind direction is variable, it could fall toward any point on the compass. If the
chimney fell toward the reactor building, about 3 feet of the chimney's top could conceivably
land on the western-most edge of the Unit 2 reactor shield plug. The estimated impact
force is far below that required to penetrate the plug. Should the concrete chimney break
up with parts falling into the fuel pool, damage could occur to the fuel pool. However, such
an occurrence would inflict less damage than if the fuel cask were to fall into the fuel pool.
The consequences of dropping the fuel cask into the fuel pool are described in Section 15.7.
[3.3-5]

The only Class I equipment potentially affected by a postulated failure of the chimney is the
emergency electrical switch gear located in the turbine building adjacent to the reactor
building. The 4 kV buses, 13-1, 14-1, 24-1, and 23-1, could be damaged if a part of the
chimney penetrated the turbine building roof. These components are separated by
approximately 25 to 40 feet and consequently, only one of the buses could be affected. Since
the buses are redundant, emergency power would still be available from the unaffected bus.
The 480-volt switchgear is set in a cell in the turbine building and is not vulnerable to
vertically falling missiles such as those that may be originated by the falling chimney. [3.3-6]

The Unit 2 battery room is located in the northeast corner of the mezzanine floor of the
turbine building. Although the room is protected from postulated chimney failure by the
turbine building superstructure, a piece could penetrate the roof and strike the batteries.
The redundancy of the Unit 2 battery to the Unit 1 battery compensates for this event.

3.3.1.1.3 Control Room HVAC System

Walls 182, 183, and 184 surrounding the control room Train A HVAC system can withstand
a wind loading of 79 mph. Based on the ANSI 58.1 Code and a 50-year recurrence interval,
the design wind load for these walls is 75 mph. The wind resistance capacity of these walls
1s not believed to be a safety concern because the walls have been designed to the basic
building codes. [3.3-7]

Control room Train B HVAC system (the safety-related train) does not have exterior walls
exposed to wind loadings.

3.3.1.1.4 Other Structures

The other station structures such as the turbine building and control room, the radwaste
building, and the crib house are similar in design to the reactor building with respect to
wind load resistance. [3.3-8]

3.3-2



QUAD CITIES — UFSAR

The turbine building superstructure is similar to the reactor building superstructure,
consisting of a structural steel frame-type design. All Class I components in the turbine
building are located in levels below the superstructure, i.e., within a reinforced concrete
structure with capabilities similar to the reactor building, with the exception of the Unit 2
alternate 125 Vdc battery (see Section 8.3). Any large equipment, such as the turbine
building cranes located in the superstructure, is designed and supported to preclude failure
that could damage any equipment related to the ECCS systems or cause any significant
release of radioactivity.

The crib house, a low reinforced concrete structure located below grade, is highly resistant
to wind loading or tornado-generated missile damage.

3.3.2 Tornado Loadings

3.3.2.1 Applicable Design Parameters

The following are the tornado design parameters: [3.3-9]

A. A maximum tangential velocity of 300 mph,

B. A translational velocity of 60 mph, and

C. A pressure drop of 3 1b/in2 at the vortex within 3 seconds.
Figure 3.3-1 shows the relationship between the velocity component (tangential plus
translational) and the pressure drop as a function of the distance from the center of the
tornado.
Section 3.3.2.2.1 describes the resistance of plant structures to tornado generated surface
pressure loadings and Section 3.3.2.2.2 describes the resistance of the structures to

pressure drop effects. The effects of missiles generated by a tornado are discussed in
Section 3.5.4.

3.3.2.2 Determination of Forces on Structures

3.3.2.2.1 Surface Pressure Effects

In the investigation of the effects of tornados on structures that house Class I equipment, a
model of the tornado considering the relationship between the 300 mph tangential velocity,
60 mph transverse velocity, and the 3 lb/in? pressure drop was used. Figure 3.3-2 shows
the resulting surface pressures (windward and leeward) for the combined effect of the three
tornado parameters listed in Section 3.3.2.1. The exterior concrete walls of the reactor
building, turbine building, and control room were investigated for these pressures and were
found to be stressed within the ultimate strength allowables of the ACI code. Details of the
resistance of these structures to tornado pressure loadings are described as follows. [3.3-10]

3.3-3 Revision 1, June 1992
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The lower portion of the reactor building is capable of withstanding tornado wind velocities
of up to 500 mph without exceeding the 4000 1b/in2 concrete stresses. The 500 mph-wind is
equivalent to a 1000 1b/ft2 loading. Before structural wall failure could occur, the materials
have to reach at least a yield stress condition. Winds with velocities reaching 860 mph (or a
load of 2980 1b/ft2) would have to be present to create such a condition.

[3.8-11]

The control room is a self-contained Class I concrete structure which is encompassed by the
service building at the south of the turbine building. It is a heavy-walled reinforced
concrete structure with roof level at elevation 639 feet, the same as the turbine building
operating floor level. The north wall is protected by the entire turbine building structure
while the east, south and west walls are protected by the service building. The control
room, due to its height, construction, and arrangement, provides tornado resistance similar
to that of the reactor building. [3.3-12]

The radwaste building is a low, heavy-walled reinforced concrete structure with even

greater tornado resistance than the reactor building because the shielding requirements
dictate the design rather than structural live or dead loads.

3.3.2.2.2 Pressure Drop Effects

Comparison of the reactor building structure's capability to withstand the limited tornado
data on pressure gradients, clearly demonstrates the safety factors inherent in the design.
The lowest recorded air pressure during a tornado that was determined in the investigation
of this subject occurred at St. Louis, Missouri, on May 27, 1966. The reading was 26.94 in.-
Hg, which was 2.42 in.-Hg lower than recorded at a weather bureau office seven blocks
away. [3.3-13]

The 2.42-in.-Hg pressure differential is equivalent to a loading of 170 lb/ft2, considerably
less than the capabilities discussed in Section 3.3.2.2.1. In addition, the 170 1b/ft2 is only
generated when an instantaneous pressure drop occurs. Since a tornado travels at a finite
rate 40 mph reasonably, the maximum pressure drop occurs over a finite time, in this case
about 1/2 second. Hence, the assumption of a probable maximum loading of 170 Ib/ft2 is a
conservative approach.

Other special circumstances related to tornado wind hazards have also been considered.
For example, depressurization rate could be of concern if not accounted for properly. As
noted previously, for instantaneous pressure differential loadings, the reactor building
concrete walls are capable of resisting much higher loadings than have ever been
experienced. The reactor building superstructure has also been designed for this effect and
has blow-off panels installed to alleviate any potential problems. The siding of the reactor
building, which consists of 20-foot wide sections extending the full height of the
superstructure, is designed to remain intact up to a wind velocity of 170 mph or 75 1b/{t2
except for special sections. Those special sections are designed to blow off at a pressure of
70 1b/ft2. Tests have been conducted to verify the performance of these blow-off panels.
G.W. Reynolds' report "Venting and Building Practices as Practical Means of Reducing
Damage from Tornado Low Pressures" [1], states that a vent area of 1 square foot per 1000
ft3 of volume should reduce pressure differentials to a safe level. The blow-off sections
result in nearly 5 times this required vent area.
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This load relief capability through venting of the superstructure in no way impairs the safe
shutdown of the reactor as the necessary equipment is all located in the concrete portion of
the building.

Walls and slabs of reactor building compartments housing Class I equipment exposed to the
interior of the superstructure have also been checked for their capacity to withstand a 3
Ib/in2 pressure drop. All areas checked have been found to be within ultimate strength
allowable limits except the Unit 1 and 2 Battery Rooms and Diesel Generator Rooms.
Under a 3 1b/in? pressure drop, the doors to these rooms would be subjected to a load of
approximately 9000 pounds, which they are not capable of resisting. The doors would open
outward away from critical equipment; thus, relieving the pressure in these rooms. [3.3-14]

Venting provided by the louvres installed in the rooms permits equalization of pressure.

Therefore, any induced pressure differentials can be effectively alleviated. Thus, the diesel
generator and battery rooms are not affected by the tornado. [3.3-15]

3.3-5
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3.3.3 References
1. Reynolds, G.W., "Venting and Building Practices as Practical Means of Reducing

Damage from Tornado Low Pressures," American Meteorological Society Bulletin No. 1,
Volume 3g, January 1958.
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3.4 WATER LEVEL (FLOOD) DESIGN

This section describes the Quad Cities flood protection features and major flood design evaluations.
Section 3.4.1.1 summarizes the plant's design flood levels, basic structural acceptance criteria and
response plans for external floods. Section 3.4.1.2 describes the potential sources of internal
flooding and the design elements intended to mitigate the consequences of such an event. The
evaluation methods for considering static and dynamic effects of flood loads are provided in Section
3.4.2, with results summaries for the drywell (Section 3.4.2.1), torus (Section 3.4.2.2) and radwaste
building basement and high level activity waste tanks (Section 3.4.2.3).

3.4.1 Flood Protection

This section discusses the flood design for Class I structures and components. The flood protection
measures are described in terms of external or internal flood sources, as follows.

3.4.1.1 External Flood Protection Measures

Quad Cities' external flood control efforts are directed towards the prevention of damage resulting
from the occurrence of the probable maximum flood (PMF) of the Mississippi River. The PMF,
described in Section 2.4.3, produces a flood to elevation 589 feet at the Quad Cities site.

The initial structural design was based on a water level of elevation 590 feet, using a 33% increase
in normal allowable stresses as permitted by code. This initial design flood elevation is below the
plant grade of 594.5 feet and any mode of operation is, therefore, possible without additional
protective measures. [3.4.1]

Evaluations for higher flood levels show that elevation 603 feet, which envelops the PMF elevation,
is the maximum flood elevation which can assure that the plant can be shut down and maintained in
a safe condition. The flood resistance of the plant to these higher floods is based on the following
criteria:

For a flood occurring to the level of the plant grade elevation of 594.5 feet, any mode of operation is
also possible, and no additional protective measures are needed to maintain structural integrity.
Stresses in the structures would, in some cases exceed the 33% increased allowable stress used in
the initial criteria. However, these higher stresses would not exceed the allowables corresponding
to .85 " ¢ (f’ c = concrete compressive strength) and .90f; (f; = reinforcing steel yield strength). This
more liberal criteria is justified for a flood occurrence of this magnitude. For a flood of any
elevation from 594.5 feet up to the surrounding ground elevation of 603 feet, the plant can and will
be maintained in a safe condition by flooding the plant buildings to match the river elevation. A
flood of this magnitude would provide sufficient time to enable shutdown procedures to take place
and flooding of the structures to be initiated. Under this condition no heat removal nor related
electrical power supply systems are needed.

The emergency protection measures available to minimize the impact of an external flood event are
described below. [3.4.2]

3.4-1
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The flood stage levels on the Mississippi River are predicted several weeks in advance by the U.S. Army
Corps of Engineers. In the highly unlikely event that a maximum probable flood is predicted, steps to
shutdown and cool the plant will be initiated a minimum of three days prior to the predicted time at
which the water will go above plant grade elevation of 594.5 feet. This will reduce the decay heat from
the reactor to a level which can be removed by natural circulation cooling between the reactor and the
reactor cavities and storage pools.

Once the reactor is shutdown and cooled down, the drywell and reactor vessel heads will be removed.
With the penetration hatches in the drywell bellows seal structures open, each unit's torus will be
completely filled and the drywells will be filled to the level corresponding to the level attained when
the torus is full. The hatches in the bellows seal structure will then be closed and the reactor cavities
and dryer-separator pools will be filled to the level of the spent fuel pool. Finally, the spent fuel pool
gates will be removed permitting free circulation of water through the storage pools, reactor cavities
and dryer-separator pools.

The supply of water for this operation will be the two 350,000 gallon storage tanks, the 100,000 gallon
clean demineralized water storage tank and river water as required. When the river level reaches
plant grade, the plant doors will be opened to allow water levels to equalize forces on the building
structures.

The basic procedure described above will be accomplished as follows. The torus will be completely
filled and the drywell will be filled to the level attained when the torus is full using a six inch fire hose
connecting the Fire Water Supply System (FWSS) to the RHR system. This connection will use the
existing disconnect between the Drywell Spray isolation valves 1(2)-1001-23A and 1(2)-1001-26A.
The river water from the FWSS will be routed into the RHR system and into the torus. It will take less
than 12 hours to add the 1,000,000-gallons of water required to fill the torus completely. With the
torus completely filled, the water level in the drywell will be just below the recirculation pump motors.
[3.4.3]

After the torus is filled, the two 4700 gal/min core spray pumps will be started and the contents of the
two 350,000-gallon storage tanks and the 100,000-gallon clean demineralized water storage tanks will
be pumped into the reactors filling the reactor cavities and dryer-separator pools to approximately 25
percent full. River water from the FWSS, through the RHR system or Core Spray system, will then be
used to complete filling the pools to normal level. This operation will take approximately 3 hours.

The gates between the fuel storage pools and the reactor cavities will then be opened allowing free
circulation of water through the storage pools, reactor cavities and dryer-separator pools.

Independently powered portable pumping equipment available onsite will be set up above the
projected flood elevation to supply the 200 gallon per minute makeup water required in the storage
pools due to the evaporative cooling loss. A 250-gallon fuel supply is available on the site to supply
this equipment. Prior to flooding the drywell, all electrical equipment will be

de-energized. The dose rate at the property fence line will be 0.01 mr/hr based on the above
evaporation rate.

Electrical equipment below elevation 608 feet will be racked out of service after the pumping
operations are completed and prior to flood stage exceeding grade level. Plant doors will be opened to
allow water levels to equalize on building walls.
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A flood of this type would be expected to recede down to grade level in about 8 days based on
information received from the U.S. Army Corps of Engineers at the Rock Island, Illinois Arsenal.

Plant cleanup operations will be started when the water level reached grade level. The plant lower
levels will be de-watered, motors dried out and cleaned, electrical beakers dried out and cleaned up
and electrical system checkouts made. The electrical system checks will be made in the same
manner as performed from the preoperational test program to assure that all systems function as
designed.

Generalized steps for securing the station in the unlikely event of a flood above the level of the
historic flood of record is described below. [3.4-3a]

These steps will be initiated a minimum of three days prior to the predicted arrival of a flood of
elevation 594.5 feet or greater, and both units will be shut down and decay heat will be removed
using the normal procedures as specified for the RHR system.

Steps

Shut down both units (normal procedures)

Remove decay heat (normal procedures)

Install RHR system 6” Firehoses crosstie to Fire Water Supply System (FWSS)
Fill both tori with water through 6” Firehoses to RHR system

Remove shield plugs, drywell heads and reactor vessel head

Set up the portable pumping equipment

Fill radwaste tanks with fire system water

Place portable makeup demineralizers in service to fill condensate storage tanks

© © N o 1A W N

Fill reactor cavities and separator-dryer pools using core spray system and RHR system

[EN
e

Remove gates between storage pools

[EEN
=

Rack out all main breakers for equipment below elevation 608 feet

[EEN
N

Open plant doors

3.4.1.2 Internal Flood Protection Measures

Internal flood control efforts at Quad Cities are directed towards the protection of the
Class I plant structures from internal sources that can conceivably introduce large
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amounts of water into below grade areas. Consequences of flooding due to high energy line breaks,
including the effects of a steam or feedwater line break in the steam tunnel, are discussed in Section
3.6.

The specifics of the internal flood protection measures are described below.

3.4.1.2.1 Protection of the Condensate Pump Room and Residual Heat Removal Service Water
Pump Rooms

On June 7, 1972, the failure of a rubber expansion joint caused flooding of the condensate and
service water pump room!. As a result, water-tight Class I vaults with water-tight Class [ bulkhead
doors have been constructed to isolate the RHR service water pumps and diesel generator cooling
water pumps from all other equipment in the condensate pump rooms and to protect the pumps
from being flooded by a failure of either the condensate, condensate transfer or clean demineralized
water systems. [3.4.4]

Basically two design modifications have been made as a result of the flood of June 7, 1972: [3.4.5]

A. The flood water paths from the condenser pit to the condensate pump room have been
permanently sealed. This isolates the condenser pit and prevents any source of flood
water in the condenser pit from becoming a source of flood water to the condensate
pump room and consequently to the RHR service water pumps and the diesel generator
cooling water pumps.

B. The RHR service water pumps and the diesel generator cooling water pumps have been
enclosed in three separate watertight vaults in each unit. These vaults are designed to
keep the sources of flood water in the condensate pump room from flooding the RHR
service water pumps and the diesel generator cooling water pumps.

The design details of these two modifications are discussed in the following sections:

3.4.1.2.1.1 Design Modification of the Condensate Pump Room

The following modifications have been made to isolate the condenser pit from the condensate pump
room in the event of a flood to the 586-foot elevation:

A. The two ventilation openings between the condenser pit and the condensate pump pit
have been permanently sealed by means of 1-inch steel plates.

The ventilation closures have been analyzed and found acceptable to withstand

a head of 30 feet of water in addition to a 0.16 g (design basis earthquake (DBE) load
value) vertical acceleration as applied to the mass of water. The plate and structural
members providing these closures undergo stresses which do not exceed material
allowable working stresses increased by 33%.
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B. The doorway between the condenser pit and the condensate pump room has been sealed
by a watertight door. The watertight door has been designed to withstand a head of 30 feet
of water plus the effects of a 0.24 g (DBE load value) horizontal seismic load. Also included
is the sloshing effect of the 30 feet head of water considered using the methods of TID-7024
Nuclear Reactors and Earthquakes. The door materials undergo stresses which do not
exceed material allowable working stresses increased by 33%.

C. The piping and electrical penetrations between the condenser pit and the condensate pump
room have been permanently sealed with concrete, RTV silicone sealant, or rubber boot
type seals to prevent leakage between the condenser pit and the condensate pump room in
the event of a flood. These seals were designed for the maximum flood condition in relation
to the elevation where each is located.

D. The wall between the condenser pit and the condensate pump room provides a watertight
seal with the addition of the seals specified above. This wall has been analyzed and found
capable of withstanding a head of 30 feet of water acting on the condenser side of the wall
plus the effects of a 0.24 g horizontal and a 0.16 g vertical seismic occurrence. This
includes sloshing as in paragraph B. The construction of the existing wall is more than
adequate to contain the water pressure and the effects of the seismic occurrence with
stresses in the concrete and reinforcing steel not exceeding allowable working stresses
increased by 33%.

It is recognized that the flooding of the condenser pit is an additional load onto the
foundation of the structure; however, the added weight is more than adequately supported
directly on the founding rock through the concrete mat on which the structure rests.

E. The floor and equipment drains which run from the condenser pit to the sumps in the
condensate pump room have been permanently sealed or sealed with removable plugs
where periodic drainage is necessary. The seals and plugs have been designed to
withstand the maximum flood level.

F. A system of level switches has been installed in the condenser pit to indicate and control
flooding of the condenser area. The following switches are installed:

Level Above Floor Function [3.4.6]

1. 1'0" (1 switch) Alarm, condenser pit low water level

2. 3'0" (1 switch) Alarm, condenser pit high water level

3. 5'0" (2 redundant Alarm condenser pit hi-hi water level, and
switch pairs) circulating water pump trip

Level (1) indicates water in the condenser pit from either the hotwell or the circulating water system.
Level (2) is above the hotwell capacity and indicates a probable circulating water failure. At the level
(2) alarm, if the rate of rising level or observations indicate a circulating water system failure, the
operator in the control room shall manually trip the circulating water pumps for the affected unit
thereby preventing the flooding to continue due to operation of the pumps. [3.4.7]
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Should the switches at level (1) and (2) fail or the operator fail to trip the circulating water pumps on
alarm at level (2), the actuation of both level switches in a pair at level (3) shall automatically trip the
circulating water pumps of the affected unit and activate an alarm in the control room. If, however, only
one level (3) switch of a pair of switches is activated, the alarm will come up, but the pump will not be
automatically tripped. These redundant level switch pairs at level (3) are designed and installed to IEEE
279, "Criteria for Nuclear Power Plant Protection Systems."

3.4.1.2.1.2 Isolation of the RHR Service Water Pumps and the Diesel Generator Cooling Water
Pumps from Flood Water

Each unit at Quad Cities Station has four RHR service water pumps and one diesel generator cooling
water pump with an additional diesel generator cooling water pump located in Unit 1. Each unit has the
above pumps in three separate and isolated vaults. The pumps are separated in the following manner,
using Unit 1 as an example: RHR service water pump 1-1001-65A is in one vault; RHR service water
pumps 1-1001-65B and 1-1001-65C and diesel generator cooling water pump 1/2-3903 are in a second
vault; RHR service water pump 1-1001-65D and diesel generator cooling water pump 1-3903 are in a
third vault. Unit 2 pumps are separated similarly except there is no duplicate 1/2-3903 diesel generator
cooling water pump in Unit 2, and it is RHR service water pump 2-1001-65A (not 2-1001-65D) that
shares a cubicle with the diesel generator cooling water pump. [3.4.8]

Each of the vaults was constructed by building a new flood protection wall around each of the three RHR
service water pump areas in each unit. These new walls are keyed into the existing walls and slabs and
anchored with drilled in anchors. In the case of the areas for the 1D and the 2A RHR service water
pumps, new ceilings at the 572.5 feet elevation were also constructed. Ceilings at 572.5 feet existed over
the other pumps.

The walls were designed and constructed to withstand a head of 30 feet of water outside the wall in
addition to the combined horizontal effect of a 0.24g (DBE earthquake loading) seismic occurrence,
vertical effect of a 0.16g (DBE earthquake loading) seismic occurrence, and a sloshing effect of the water
per TID-7024 Nuclear Reactors and Earthquakes. The ceilings mentioned above were designed and
constructed to withstand the maximum flood level in addition to the vertical effect of 0.16g seismic
occurrence. The horizontal effect of 0.24g seismic occurrence was found to be negligible when applied
to the ceilings.
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The walls and ceilings are capable of withstanding the above mentioned combined loads with
stresses not exceeding the material allowable working stresses increased by 33%. Stresses in these
reinforced walls are such that no cracking is expected to occur which would cause flooding of the
RHR service water pump vaults.

Access into the RHR service water pump vaults is by means of watertight, steel, bulkhead doors.
These doors are designed and constructed to the same flood and seismic criteria as the walls.

Other than fire protection piping, pipe penetrations through the vault walls are sealed in two
different manners. Where the system is flexible enough to allow an anchor at the wall, the pipe is
welded to a plate which is then welded to the pipe sleeve to form a watertight seal. Where the
system is not flexible enough to anchor the pipe at the wall, a pipe sleeve is installed in the wall and
the pipe is routed through it. Seals are designed to withstand a head of 40 feet of water. Fire
protection piping is grouted at the wall penetration.

Electrical cables supplying power to the RHR service water pumps and the diesel generator cooling
water pumps are sealed in the vault walls using a fitting which consists of a box frame which is cast
into the vault wall.

Small conduit penetrations are sealed in a manner similar to the pipes discussed above.

Junction boxes connected to conduit which penetrates the vault walls are sealed with silicone
rubber sealant to prevent leakage into the vaults.

Electrical instrumentation, controls and other components which are susceptible to water damage
have been located either inside the vaults or at an elevation above the flood level.

The watertight doors on the RHR service water pump vaults are equipped with a control room
alarm system. The alarm actuates from a limit switch on any one of the six doors (three per unit),
and indicates that a vault door is open. [3.4.10]

Each of the RHR service water vaults contains a sump pump which collects any floor and equipment
leakage inside the vault and pumps the water past three discharge check valves (one inside the
vault, remaining two outside) to the service water discharge line. The two check valves outside the
vaults are checked each operating cycle to assure their

integrity. The previous floor drain design had a pipe penetrating into each vault which was
normally capped and required manual action to drain a vault floor. Previous equipment drains that
led to the turbine building equipment drain sump have been permanently capped. [3.4.11]

3.4.1.2.2 Protection of the Emergency Core Cooling System

Certain provisions have been made to detect the presence and location of an emergency core
cooling system (ECCS) leak. These provisions are described in Section 6.3.2. [3.4.12]

Submarine doors have been added to each of the following ECCS pump compartments:

the RHR rooms, the HPCI rooms and core spray rooms at elevation 554 feet of the reactor building.
These doors will prevent water in the torus room area from leaking into the pump compartment
and thus will assure the availability of the ECCS in the event of a passive failure.
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Ball valves are installed in the floor drain lines of the reactor building corner rooms. The ball valves
are normally closed to protect the ECCS equipment in the corner rooms by preventing water in the
torus area or from one of the other corner rooms from flowing into the corner rooms through the
drain lines. The ball valves may be manually opened from outside of the corner rooms to drain the
rooms via the floor drains into the reactor building sumps. [3.4.13]

The internal flood protection measures described in Sections 3.4.1.2.1 and 3.4.1.2.2 establish that a
single failure in a non-Class [ system will not preclude safe shutdown of the affected unit. In order to
preclude safe shutdown of the affected units, such flooding would have to disable the core cooling
pumps located in five completely separate areas of each unit; i.e,, RHR corner rooms A and B; core
spray corner rooms A and B; and the HPCI pump room. However, each of these rooms is protected
from adjacent areas by watertight doors and walls. Therefore, no single failure will cause flooding to
more than one of these areas and no single failure of non-Class I systems will prevent safe shutdown of
the affected units. [3.4.14]

3.4.1.2.3 Protection of the Drywell and the Torus

Due to the design of the drywell and torus, it is not possible to accumulate any large quantity of water
under the reactor vessel. During a loss-of-coolant accident (LOCA) or similar event, the design
permits the area under the vessel to drain via the main vent lines and the downcomers into the torus.
Without pumping, the sumps would overflow to the drywell floor, and once the level reached the main
vent lines and then the downcomers, it would flow into the torus. Since the torus level is monitored,
this increase would be noted and investigated. Even under this scenario, the water would not reach a
level where it could adversely affect any critical system. [3.4.15]

A reliable means of measuring primary containment water level during a post-LOCA core cooling
contingency operation is provided for with indication on 90(X)-4 panel (LI 1(2)-1640-21).

3.4.1.2.4 Protection of the Electrical Cable Tunnel

Water level alarms are present in the electrical cable tunnel such that water level in the tunnel can be
detected. [3.4.16]

3.4.2 Analytical Procedures

This section describes the analytical procedures by which the static and dynamic effects of the flood
conditions are applied to safety-related structures, systems, and components.

3.4.2.1 Drywell

The drywell was designed to withstand the additional effects due to seismic loads when it is already in
a flooded condition. Two conditions were considered critical in evaluating the drywell capability
under seismic loading. The first is when the drywell is flooded to the knuckle which is the transition
point between the spherical section and cylindrical section of the drywell (elevation 629.9 feet). The
second condition is when the drywell is flooded to the normal pool level (elevation 689.5 feet). The
results of the evaluations are contained in Section 3.8, and show that in both cases the critical buckling
stresses are at the embedment of the drywell at elevation 576 feet, and that the stresses in the drywell
under the combination of a flooded post-accident condition and either an operating basis [3.4.17]
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earthquake (OBE) or a design basis earthquake (DBE) remain below critical buckling stresses. See
Table 3.8-1 for the summary of the stresses in the concrete at the embedment of the drywell at
elevation 576 feet.

3.4.2.2 Torus

The torus and its supports were originally designed for a basic seismic acceleration of 0.3 g
compared to the DBE value of 0.24g as assigned to this site. It was subjected to this high
acceleration value in combination with the effects of the drywell being flooded to elevation 689.5
feet. See Section 3.8 for the discussion of the results of the evaluation of the torus due to a flooded
drywell and a seismic load. [3.4.18]

[t should be noted that the torus seismic evaluation has been revised during the Mark I program;
see Section 3.8.

3.4.2.3 Radwaste Building Basement and High Level Activity Waste Tanks

The radwaste building is designed to withstand the uplift forces and pressures on the slab at
elevation 572.8 feet and the walls below grade due to hydrostatic pressures of water at elevation
590 feet. Allowable stresses were increased by 33% over normal allowable stresses. The exterior
walls below grade are coated with a waterproof coating and floor drains will carry off any seepage
to a sump located in the basement of the radwaste building. [3.4.19]

In addition, if the largest tank in the radwaste basement (collector tank) failed, only 22,000 gallons
of water would be released. This release would result in a basement water level of less than four
feet. This level would not be capable of raising any of the basement tanks since all tanks are
supported by legs about three feet above floor level.

The protection provided against flooding and uplift of the high activity waste tanks in the event of
site flooding caused by heavy rains or a rise in the ground water table is as follows: [3.4.20]

A. The threshold elevation of the lowest opening into the radwaste building from the
outside is 2.5 feet above grade.

B. The radwaste building concrete below grade has been sealed with a waterproofing
agent.

C. Redundant sump pumps in the radwaste basement are provided to remove any water
that would breach the above barriers. These pumps have a capacity of 50 gal/min each.

In addition, the time that exists between the flooding of the site above plant grade and subsequent
flooding of the high activity waste tank rooms will permit the tanks to be filled with clean water to
prevent uplift. [3.4.21]
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3.4.3 References

1. Quad Cities Station Special Report No. 3A, Condensate Pump Room Modifications (Permanent
Flood Protection of the RHR Service Water Pumps and Diesel Generator Cooling Water Pumps),
November 7, 1972.
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3.5  MISSILE PROTECTION

This section describes the missile protection of applicable station structures, equipment or
systems. These components are protected from the effects of postulated missiles either by
barriers, or in the case of redundant systems or components, by physical separation. The
missile protection description is provided below in terms of the missile sources such as
internally generated missiles, turbine missiles, missiles generated by natural phenomena, or
events near the site.

3.5.1 Physical Separation Criteria

As appropriate, safety-related equipment is protected from missiles through basic station
component arrangement such that, if equipment failure should occur, redundant equipment
will remain available to perform the safety function.

Electrical equipment and wiring for primary containment isolation systems (PCISs), high
pressure coolant injection (HPCI), low pressure coolant injection (LPCI), core spray (CS), and
automatic depressurization system (ADS) are segregated into at least two separate divisions
such that in the event of a design basis accident removal of decay heat from the core and
isolation of the primary containment will be assured. Separation requirements apply to
control power and motive power for all systems concerned. Arrangement and/or protective
barriers have been erected such that no locally generated force or missile can destroy both
redundant PCIS, HPCI, LPCI, CS, and ADS functions. In the absence of confirming analysis
to support less stringent requirements, the following criteria were generally followed for
initial plant design considerations: [3.5.1]

A. In rooms or compartments having rotating heavy machinery (such as the main
turbine generator and the reactor feed pumps) or in rooms containing high
pressure feedwater piping or high pressure steam lines (such as those that exist in
the drywell and between the reactor and the turbine), a minimum separation of 20
feet, or a 6-inch thick reinforced concrete wall (or equivalent) is required between
trays containing cables of different divisions.

B. Any switchgear, panels, or instrument racks associated with two safety systems
redundant to each other and located in a missile prone zone such as discussed
previously have a minimum horizontal separation of 20 feet, or are separated by a
protective wall equivalent to a 6-inch thick reinforced concrete wall. The
switchgear or equipment of redundant safety systems may be less than 20 feet
apart if the two pieces of equipment are not in a straight line along a likely missile
path.

C. In any compartment containing an operating crane, such as the turbine building
main floor and the region above the reactor pressure vessel, there must be enough
separation between trays containing cables of the two divisions such that a
moving crane load cannot damage the cables of both divisions in a single accident.

Pipe whip restraints have been installed on high-energy lines outside the containment to
prevent the lines from becoming a potential source of missiles. The pipe whip restraints
provided on high-energy lines outside the containment are described in Section 3.6.1.
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3.5.2 Internally Generated Missiles

Missile protection is given special consideration under assumed accident conditions. The
following summarizes the pertinent design considerations. [3.5.2]

The driving force for potential missiles within the containment comes from the energy within
the working fluid. In the case of a break in a pipe carrying liquid, the maximum liquid
velocity attainable at the break is 200 ft/s because of choking. Similarly, the velocity of fluid
from a steam line break is limited to the critical velocity of 1500 ft/s at the break. The drag
force of the fluid which propels any potential missile is proportional to the product of the
density and the velocity squared. Even though the velocity of the steam exceeds that of the
water, the even larger ratio of water density to steam density at containment ambient
conditions means that projectiles originating from a water line will have a greater drag force
applied, and will therefore, achieve a greater kinetic energy.

Consideration was given to the possibility of having missiles in the following forms:
A. Valve bonnets (large and small),

Valve stems,

Thermowells,

Vessel head bolts,

Instrument thimbles,

¥ 2 9D 0 W

Nuts and bolts, and
G. Pieces of pipe.

Missiles originating from steam lines were neglected because they are insignificant relative
to missiles originating from liquid lines. All small missiles propelled by liquid were assumed
to achieve and maintain until impact the maximum liquid velocity of 200 ft/s. This is
conservative because a missile after being dislodged requires a finite time for acceleration
before it can approach a velocity of 200 ft/s. In addition, for missiles directed in a horizontal
direction, there is a tendency for the missile, which is traveling slower than the driving jet, to
fall out of the jet as it is acted upon by gravity. Therefore, the driving force acts for a shorter
time and the missile achieves a lower maximum velocity.

Using the preceding conservative design criteria it was found that no small missiles (e.g.,
thermowells and small valve components) originating from the liquid lines would achieve
sufficient energy to penetrate the drywell, nor was there sufficient strain energy in the
pressure vessel head bolts to cause penetration.

The calculation method used to determine the energy required to penetrate the containment
shell is based on extensive tests conducted by the Stanford Research Institute. During these
tests, rod-shaped missiles (traveling at velocities that could possibly be produced within the
drywell) were impacted against square steel plates having clamped edges. The results of the
tests have been described by the following expression for minimum energy per unit diameter
of missile required for perforation of a steel plate:
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% =U(0.344T* + 0.032T)

where:
= Critical kinetic energy required for penetration, ft-lbs
= Diameter of missile, inches

Ultimate tensile strength, psi

H C U =
I

= DPlate thickness, inches

This equation has been plotted for the various thicknesses of the drywell shell and is shown
in Figure 3.5-1.

The most serious potential missile is a dislodged valve bonnet originating from a
recirculation loop valve. It was assumed that the face of the bonnet (35 inches diameter) was
acted upon by the water jet, and that the massive (3000 pounds) bonnet-stem assembly
impacted with the containment with the stem (4 inches diameter) making initial contact.
This is a conservatively chosen event because it requires that all bolts holding the bonnet
sever completely, that the bonnet and stem move as a massive unit, and that the stem end
(smallest impact area) strikes the containment first.

It was determined from the arrangement of components within the drywell that, even though
the recirculation valves are oriented such that a dislodged valve bonnet could strike the
containment directly, there is insufficient distance available between the stem and drywell to
achieve the energy necessary to penetrate the 0.75-inch thick containment. Also, the bonnet
would be deflected by obstructions, hangers, or uneven failure of the bolting.

It has been shown in experiments conducted by CB & I (Reference 3.5.6-1) that safety
margins exist in the containment shell under missile type loadings. The CB&I experiments
are discussed in Section 3.6.

Small missiles do not achieve a high enough velocity to attain an energy level sufficient to
penetrate sound containment shell material. [3.5.3]

Since the missile load is a limited displacement load, and the tests indicated the containment
vessel could withstand the postulated displacement without impairment, the vessel will
withstand the combined strain effects of D+ P + H+ R + T + E without impairment. These
symbols are defined as follows: [3.5.4]
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D = Dead load of structure and equipment plus any other permanent loads
contributing stress, such as soil or hydrostatic loads or operating pressures and
live loads expected to be present when the plant is operating [3.5.5]

P = Pressure due to loss-of-coolant accident (LOCA)

= Jet force or pressure on structure due to rupture of any one pipe

H = Force on structure due to thermal expansion of pipes under operating
conditions

T = Thermal load on containment, reactor vessel, and internals due to LOCA

E = Design earthquake load, peak ground accelerations are 0.12 g horizontal and

0.08 g vertical

Hence, it was concluded that maintenance of the containment integrity during missile
loadings would be assured. [3.5.6]

Where possible, consideration was given to achieving missile protection through basic plant
component arrangement such that, if failure should occur, the direction of flight of the missile
1s away from the containment vessel. In addition to the care with which equipment is
oriented with regard to missiles, special care was taken in component arrangements to see
that equipment associated with engineered safety systems, such as the core spray and the
containment spray, were segregated in such a manner that the failure of one would not cause
the failure of the other, or that the failure of any component which would bring about the
need for these engineered safeguard systems would not render the safeguard system
inoperable. Additionally, the control rod drive mechanisms are located in a concrete vault
that provides protection from potential missiles. The suppression chamber has essentially no
source of internal or external missile generation and the vent pipes connecting it to the
drywell are protected by the jet deflectors. [3.5.7]

3.5.3 Turbine Missiles

In the unlikely event of a turbine disc breakup, there are no components associated with a
safe shutdown of the plant that could be damaged by potential missiles originating at the
turbine. [3.5.8]

Since the turbine missiles would fly away circumferentially, and since the control room is
located on a line coincident with the turbine centerline, it is unlikely that the control room
would be affected. Furthermore, its enclosure consists of approximately 2 - 3 feet of concrete.
[3.5.9]

The diesel generator rooms and battery rooms, are remotely situated from the
turbine-generator, and are at other floor elevations and would also be unlikely to be affected

by missiles. They are redundant and separated. Some of the electrical buses are adjacent to
the turbine-generator and are located on the same floor or a floor just above the main turbine
floor. Section 3.5.1 addresses the physical separation and protective barrier criteria which |
provide added assurance for the survivability of the redundant electrical equipment of the

PCIS, HPCI, LPCI, CS, and ADS. As described in Section 3.5.1, and in the unlikely event of a
turbine-originated missile striking the electrical gear, only one of the redundant supply |
systems would be affected.
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The replacement HP rotor consists of an integral rotor, without shrunk-on wheels. The new
HP turbine rotor is not considered a source for potential missile generation, and therefore,
an HP turbine rotor missile probability analysis is not required.

All original low-pressure turbine rotors were replaced with a design that was less susceptible
to stress corrosion cracking. The original rotor design had “shrunk-on” rotors, which were
replaced with rotor discs that used a “welded-on” design to minimize stress corrosion
cracking. However, the replacement rotors continued to be susceptible to stress corrosion
cracking in the area of the blade-to-wheel attachment, requiring greater inspection
frequency. The susceptibility to stress corrosion cracking is due to the impact of high
moisture content steam in a high stress area of a high strength material. The low-pressure
rotors were once again replaced with rotors designed to address the problems at the wheel
attachment to reduce the required inspection frequency. The design for the current rotors
have lower stresses and are able to use lower yield strength alloys that are not susceptible to
stress corrosion cracking.

The generator rotor is encased in the heavy stator, and any failure of the rotor would not
penetrate the casing.

The normal rotating speed of the turbine is 1800 rpm. The total calculated rotational energy
contained in the high-pressure spindle rotating at 1800 rpm, is approximately 2.5 x 108 ft-
Ibs. If approximately one-fourth of this energy is available for each quarter section in a
postulated fracture, each piece would have an energy of 6.25 x 107 ft-lbs available to it. If no
energy were consumed in the fracture and in passing through the casing, the theoretical
maximum separation velocity corresponds to about 350 ft/s.

The potential trajectory of any missiles produced by failure of the turbine rotor or blades
consists of the following:

A. The piece leaving its point of origin would, assuming sudden release, be tangential
to the rotating element. The probability of direction is equal throughout 360°.

B. Pieces leaving in a direction horizontally or in the downward 180° included angle
would follow approximately a straight-line path unless deflected by objects
encountered in the flight path.

C. Missile pieces leaving in the upward 180° included direction would follow a
parabolic path unless otherwise deflected.

D. A piece going straight up would, of course, follow a straight line path unless
deflected.
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For each potential target point, at the same elevation as the turbine shaft, there are two
angular directions that the missile could leave its point of origin. At 45° there is only one
target point and this would correspond to the maximum range.

Specifically, the turbine-generator at Quad Cities is located at elevation 639 feet. The
refueling floor level of the reactor building is at elevation 690.5 feet, and the centerline of the
turbine-generator is separated by 125 feet from the centerline of the reactor vessel.

If a potential missile originating at the turbine rotor were released, the following directions
can be considered of no consequence:

A. A missile headed (projected) in any direction in the downward 180° included angle,
since the approximately 12-foot thick turbine foundation shields the plant areas
sideways and approximately down to 60? below horizontal. In the downward
direction the pieces would penetrate the condenser and probably end up on the
basement floor. The turbine foundation further serves to shield the main steam and
feedwater isolation valves at the primary containment penetrations. A potential
missile could rupture a steam or feedwater line, but only on the turbine side of the
isolation valves.

B. A missile projected in all directions above the turbine main floor and to the west of
the plant, including the straight up direction, since these are directed away from the
reactor building.

C. A missile projected in all directions toward the reactor building up to approximately
35° above horizontal. Missiles travelling in this direction would strike the concrete
wall separating the reactor and turbine building. This wall varies in thickness
from1.5 — 4 feet depending upon shielding requirement, etc. Beyond this wall is the
4 — 6 feet thick concrete cylinder that surrounds the primary containment vessel.
Because of the double barrier, it is believed that no potential missile could penetrate
these two barriers. In addition, some noncritical equipment is located in the
intervening space which would serve to intercept the missiles.

This leaves the included angle from about 35° above the horizontal to 90°; i.e.,
straight up, toward the reactor building as an area for missiles to travel and land on
the refueling floor of the reactor building. It is impossible to estimate the energy of
the pieces consumed in either the rotor fracture or by passing through the heavy
steel double casing of the high pressure turbine. Furthermore, some energy is
consumed by a potential missile traveling through the turbine building roof, reactor
building superstructure, etc. It appears that there exists an area approximately 5°
in included angle toward the reactor building which could result in a missile
travelling in a direction which would land the pieces on the 40-foot diameter shield
plug over the primary containment vessel at the refueling floor. This plug is
approximately 6 feet thick and is in place at all times during plant operation.

It is calculated that this plug could accommodate the force imposed by a 30,000 pound piece
dropped from a 60-foot height. This would correspond to a height of approximately 110 feet
above the turbine room floor. The calculations developed for this case are based on fracturing
of the concrete plug and allowing the reinforcing steel to yield. No allowance
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has been made for energy consumed in the plug by elastic or plastic deformation which would
take the reinforcing steel beyond the yield point, and which would still permit the plug to
remain intact. In this event, it is likely that pieces of concrete would spall from the bottom of
the plug and strike the top of the drywell. These pieces would not penetrate the steel cap of
the drywell.

Based on the preceding information, the shield plug could safely absorb 1,800,00 ft-1bs. with no
potential hazard to the primary containment. Undoubtedly, the shield plug could absorb
considerably more than this without damaging the primary containment, but it is difficult to
assess what this would be. It is believed that the plug would first deform until it rested on the
drywell cover. The cover would then bend and would probably deform until it contacted the
reactor pressure vessel head. It is likely that the drywell would not tear prior to contact with
the reactor vessel. At this point the movement would cease since the vessel is supported on
concrete, which in turn would transmit further downward forces into the building
substructure.

If a missile were generated, it is likely that even small ones could damage the secondary
containment, since the superstructure is an insulated metal panel with a thickness determined
by resistance to weather and service conditions. The primary containment, however, is
surrounded by 4 — 6 feet of concrete, plus an additional concrete building which tends to
protect it. It is, therefore, believed that no potential missile originating at the turbine would
penetrate the primary containment from the side. This could only damage the primary
containment if a massive rotor piece were directed upward in a very specific direction
permitting it to come to rest on the shield plug covering the drywell at the refueling floor.

Even in this case it would have to be dropped from a distance in excess of 60 feet above the
reactor refueling floor elevation.

3.5.4 Missiles Generated by Natural Phenomena

A major consideration of wind loads is the effect of missiles generated by a tornado. The
reactor building walls have been analyzed to determine this effect. [3.5.11]

Two types of missiles have been considered:

1. A utility pole 35 feet 0 inches long with a butt diameter of 13 inches and a unit
weight of 50 1b/ft3 having a velocity of 150 mph; and

2. A 1-ton mass with a velocity of 100 mph with a contact area of 25 square feet.

The walls were analyzed for the effect of these missiles and the analysis was based on ultimate
stresses. The utility poles were considered to have perpendicular incidence at the midpoint of
a wall panel. Upon impact of the pole on the wall, compression waves are transmitted to the
opposite face of the struck wall with a velocity equal to that of sound in reinforced concrete.

Based on the analysis method defined in the Standard Review Plan, Paragraph 3.5.3, the
FSAR tornado missiles will not penetrate or cause scabbing of the exterior building walls.

In addition, reactor building hatch covers are designed such that they will not lift and act as
heavy missiles during venting due to differential pressure caused by tornados.
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3.5.5 Missiles Generated by Events Near the Site

Explosive materials on or near the plant site, including hydrogen that is stored as part of the
hydrogen water chemistry program, are covered in Section 2.2.
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3.5.6 References
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August 1964.
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3.6  PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED WITH THE
POSTULATED RUPTURE OF PIPING

This section describes design bases and design measures that ensure that the primary and
secondary containment, and all essential equipment inside or outside primary containment,
including components of the reactor coolant pressure boundary, have been adequately
protected against the effects of blowdown jet and reactive forces and pipe whip resulting
from the postulated rupture of piping located either inside or outside primary containment.
Sections 3.6.1 and 3.6.2 address postulated pipe failures outside and inside primary
containment, respectively.

3.6.1 Postulated Piping Failures in Fluid Systems Outside Primary Containment
3.6.1.1 High Energy Piping

In December 1972, the AEC issued letters to the licensees of all operating nuclear power
plants, including Quad Cities Units 1 and 2, requiring reviews of the effects of piping
failures outside of the primary containment structure. The letter applicable to Quad
Cities" referenced General Design Criterion 4 of 10 CFR 50 Appendix A, as well as the
"previous version" of these criteria, as the bases for the review detailed in an attachment to
the letter. This attachment contained 21 items for which the licensee was required to
provide detailed information. Commonwealth Edison Company (CECo) responded to this
request with Special Report No. 12 (Reference 2). [3.6.1]

Modification M04-1(2)-91-027A&B was performed to the RWCU system which replaced
non-safety related sections of piping that were susceptible to Intergranular Stress
Corrosion Cracking (IGSCC). Due to the pipe size and pipe routing changes, calculation
EMD-068129 was performed to supplement the HELB analysis for the Reactor Water
Cleanup piping (Reference 3).

The following paragraphs summarize the CECo report and the NRC's evaluation of the
report. [3.6.2]

3.6.1.1.1 Criteria

A summary of the criteria and requirements included in the AEC letter of December 18,
1972, is set forth in the following subsections:

3.6.1.1.1.1 Line Breaks

Protection of equipment and structures necessary to shut down the reactor and maintain it
in a safe shutdown condition, assuming a concurrent and unrelated single active failure of
protected equipment, should be provided from all effects resulting from ruptures in pipes
carrying high energy fluid, where the temperature and pressure conditions of the fluid
exceed 200° F and 275 psig, respectively, including the double-ended rupture of the largest
pipe in the main steam and feedwater systems. The rupture effects to be considered
included pipe whip, structural (including the effects of jet impingement), and
environmental.

The criteria used to determine the design basis piping break locations in the piping systems
are as follows: [3.6.3]
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ASME Section III Code Class I piping breaks should be postulated to occur at the
following locations in each piping run or branch run:

1.

2.

The terminal ends;

Any intermediate locations between terminal ends where the primary plus
secondary stress intensities S, (circumferential or longitudinal) derived on
an elastically calculated basis under the loadings associated with one-half
safe shutdown earthquake and operational plant conditions exceeds 2.0 S,

for ferritic steel, and 2.4 S for austenitic steel, where S, is the design stress
intensity as specified in AéME Section III;

Any intermediate locations between terminal ends where the cumulative
usage factor (U) derived from the piping fatigue analysis and based on all
normal, upset, and testing plant conditions exceeds 0.1; and

At intermediate locations in addition to those determined by the previously
listed locations, selected on a reasonable basis as necessary to provide
protection. As a minimum, there should be two intermediate locations for
each piping run or branch run.

ASME Section III Code Class 2 and 3 piping breaks should be postulated to occur
at the following locations in each piping run or branch run;

1.

2.

The terminal ends;

Any intermediate locations between terminal ends where either the
circumferential or longitudinal stresses derived on an elastically calculated
basis under the loadings associated with seismic events and operational plant
conditions exceed 0.8 (S,, + S,,) or the expansion stresses exceed 0.8 S,
where S| is the stress calculated by the rules of NC-3600 and ND-3600 for
Class 2 and 3 components, respectively, of the ASME Code Section III Winter
1972 Addenda, and S, is the allowable stress range for expansion stress
calculated by the rules of NC-3600 of the ASME Code, Section III, or the USA
Standard Code for Pressure Piping, ANSI B31.1.0-1967; and

Intermediate locations in addition to the previously listed locations, selected

on a reasonable basis as necessary to provide protection. As a minimum,
there should be two intermediate locations for each piping run or branch run.

Pipe Cracks

Protection of equipment and structures necessary to shut down the reactor and maintain it
in a safe shutdown condition, assuming a concurrent and unrelated single active failure of
protected equipment, should be provided from the environmental and structural effects
(including the effects of jet impingement) resulting from a single open crack at the most
adverse location in pipes carrying fluid routed in the vicinity of this equipment. The size of
the cracks should be assumed to be 1/2 the pipe diameter in length and 1/2 the wall
thickness in width (defined as "critical crack size"). [3.6.4]
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3.6.1.1.2 High Energy Systems

For pipe breaks outside primary containment, the following systems were analyzed:
A. Main steam (MS),

Feedwater (FW),

High pressure coolant injection (HPCI),

Reactor water cleanup (RWCU), and

5 9 o

Reactor core isolation cooling (RCIC).

Break locations were selected at all elbows, terminal ends and at least two intermediate
locations between terminal ends in each high energy piping run in accordance with the
above NRC criteria.

The following systems were considered but not analyzed due to physical separation or
absence of impact on equipment important to safety:

A. Extraction steam to heaters A, B, C, or D,
Heater drain from heaters C or D,
Condensate booster,

Moisture separator drain, and

= O o W

Control rod drive hydraulic system.

3.6.1.1.3 Areas or Systems Affected by High Energy Line Breaks

An evaluation was conducted, as documented in Special Report No. 12, and supplemental
calculation EMD-068129 for the RWCU piping, of the effects of high energy line breaks
(HELBS) on the following systems, components, and structures which would be necessary
(in various combinations, depending on the effects of the break) to safely shut down and
cool down the reactor and maintain cold shutdown conditions.

3.6.1.1.3.1 Systems and Components

A. Control and instrument cables and raceways,

B. Electrical distribution system,

C. Emergency ac power supply (diesels),

D. Heating and ventilation systems (needed for long-term occupancy to maintain

the reactor in a safe shutdown condition),
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E. Reactor control systems and associated instrumentation,
F. Cooling and service water systems, and
G. Emergency core cooling system (ECCS) components.
3.6.1.1.3.2 Structures
A. Primary containment and torus,
Main steam tunnel,
Control room,
Diesel generator rooms,
Auxiliary equipment rooms,
RCIC rooms,

HPCI rooms,

H @ 27 =B 0 e w

Reactor building, and
I. Battery rooms.

3.6.1.1.4 Specific Areas of Concern

Commonwealth Edison Company Special Report No. 12 (Reference 2), provided the results |
from examination of all postulated HELB locations outside primary containment and
evaluated the break consequences. The NRC reviewed all of this information, including the
following specific areas of concern where the potential consequences might be severe, or
where specific corrective action would further assure safe cold shutdown of the plant.

Unless otherwise stated, the following information applies to both Units 1 and 2. Subjects
covered include compartment pressurization, pipe whip, compartment flooding,
environmental effects, and control room habitability. As a result of the performance of
Modification M04-1(2)-91-027A&B: "The Replacement of IGSCC Susceptible Piping, Valves
and Regenerative Heat Exchangers for the RWCU System," calculation EMD-068129 was
subsequently performed to supplement the HELB analysis (Reference 3). GE SIL No. 604 |
discussed the possibility that, for certain plants, the Reactor Water Clean-up (RWCU)

System pipe break analysis was non-conservative, and that under certain conditions, the
system isolation logic might not isolate the postulated break. This condition was evaluated
for the Quad Cities units and resulted in the RWCU Automatic Isolation Modification.
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3.6.1.1.4.1 Compartment Pressurization

Large line breaks, including the double-ended rupture of the largest lines in a system, and
pipe cracks up to the critical size defined previously, were considered for pipes in the main
steam tunnel, outside primary containment, and the turbine building. The compartment
pressurization calculations included pressure plus impingement forces. [3.6.5]

Each of the facility's steam tunnels is divided into two compartments by a slab fitted with
blowout panels which function to equalize pressure when a 2 psi differential pressure exists
between the compartments. For each steam tunnel, simultaneous rupture of one MS line
and two adjacent FW lines was assumed. Main steam isolation valve closure was

assumed to occur 5.5 seconds after the rupture. For this case, the maximum steam tunnel
pressure calculated was 20.9 psia. The tunnel walls could easily withstand this transient.
For Unit 1, the forces generated in such a transient could damage the blowout panels which
could cause subsequent damage to cable trays located in the upper tunnel compartment.
These cable trays carry safety-related cabling. The main steam line circumferential and
longitudinal break points, identified in Table 12 of Reference 2, were those which could
produce such damage. For Unit 1 only, CECo committed to provide improved support for
the blowout panels by:

A. Installing an additional W36 x 135 beam on top of the existing W24 on the east-
west wall of the tunnel, 11 feet east of column row "G";

B. Replacing the existing 6B x 12 east-west beams supporting the panels with five
W21 x 55 beams; and

C. Upgrading the chains restraining the blowout panels.

All of the high energy line break modifications have been completed as documented in a
November 17, 1977 letter from M. S. Turbak (Commonwealth Edison) to Karl L. Goller
(NRC).

For Unit 2, the blowout panels are somewhat removed from the areas of potential pipe
ruptures. The pressure transient resulting from the above calculation would not lead to
damage to the safety related cabling (as in Unit 1); thus, no modification was proposed.

In the reactor building, the consequences of HELBs and cracks in the HPCI, RWCU, and
RCIC systems were evaluated. Damage to the torus, a steel-walled steam suppression
chamber used as a heat sink in several modes of operation of the ECCS, could occur as a
result of certain HPCI and RCIC pipe longitudinal breaks identified in Tables 13 and 15,
respectively, of Reference 2. Commonwealth Edison Company provided pipe restraints at
the critical break points to reduce the impingement loads. These restraints consisted of
U-shaped plates covering the break points and anchored to the nearest structure. [3.6.6]

Pressure calculations for the turbine building produced no areas of concern with respect to
safety-related equipment.
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3.6.1.1.4.2  Pipe Whip

The effects of pipe whip on structure walls and safety-related components were calculated
for MS and FW system pipe breaks in the steam tunnel, for HPCI, RWCU, and RCIC
system line breaks in the reactor building, and for MS and FW system pipe breaks in the
turbine building. This evaluation included the double-ended rupture of the largest pipe in
the MS and FW systems. Break points were chosen in accordance with the guidelines
identified in Section 3.6.1.1.1.1. Pipe whip calculations included pressure and impingement
forces.

In the steam tunnel, whipping MS pipes could cause damage to the blowout panels similar
to that caused by pressure and impingement forces alone (see Section 3.6.1.1.4.1). Damage
to safety-related cabling could occur as a result of circumferential breaks in the MS system
pipes indicated in Table 16, of Reference 2. For Unit 1, the modifications proposed to
mitigate the consequences of the pressure transient would also serve to mitigate the
consequences of the pipe whip transient. For Unit 2, CECo committed to add an additional
north-south beam (east of the main steam lines) approximately 15 feet west of column row
"H" to protect against pipe whip.

In the reactor building, whipping HPCI or RCIC piping, resulting from circumferential line
breaks indicated in Table 17 and 19, respectively, of Reference 2, could damage the torus
(described previously). Other whipping HPCI piping, identified in Table 17 of Reference 2,
could damage the core spray valve, MO-1-1402-4A, and other smaller HPCI piping. The U-
shaped restraints (described in paragraph 3.6.1.1.4.1) installed at the critical break points
would serve to mitigate the consequences of the pipe whip transient.

All of the high energy line break modifications have been completed as documented in a
November 17, 1977 letter from M. S. Turbak (Commonwealth Edison) to Karl L. Goller
(NRC).

Postulated pipe whip calculations for HELBs in the turbine building produced no areas of
concern with respect to safety-related equipment.

3.6.1.1.4.3 Compartment Flooding

Commonwealth Edison Company determined the effects of flooding for steam or feedwater
line breaks in the steam tunnel, which is covered in Special Report No. 12. Although the
main steam isolation valves could be short circuited, should the steam tunnel fill with
water, these valves would fail in the shut position and safe shutdown would not be
impaired. All electrical cables required for safe shutdown enter the reactor building in an
area unrelated to the steam tunnel at an above-grade elevation when there is no flood
potential. The effects of flooding from loss of piping integrity for other than the main steam
or feedwater lines, and from other internal sources, are covered in Section 3.4.

3.6.1.1.4.4 Environmental Effects

Electrical equipment was checked for possible adverse environmental effects which could be
caused by the HELB. Adverse temperature, pressure, and humidity were the parameters
which were used in the evaluation of safety-related equipment.

The NRC reviewed CECo's assessment of the consequences of environmental effects on
safety-related electrical equipment and found that the equipment had been designed to
limits in excess of postulated conditions which could arise from the HELB.
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The environmental qualification of electrical equipment is covered in Section 3.11.

3.6.1.1.4.5 Control Room Habitability

The main control room is physically located away from and isolated from all high energy
lines. Neither the control room equipment nor its ventilation system would be affected by
environmental effects caused by a HELB. The control room would be habitable in the event
of a HELB outside primary containment. Control room habitability is discussed in more
detail in Section 6.4.

3.6.1.2 Control Rod Drive Hydraulic System Scram Discharge Piping

Piping in the scram discharge portion of the control rod drive (CRD) hydraulic system was
investigated in detail following the 1980 Browns Ferry 3 failure to scram event, as required
in NUREG 0803. One concern resulting from that effort was the potential for an unisolated
rupture of this piping. This piping, however, is excluded from consideration for HELB
because the probability of the rupture of this piping resulting in a loss-of-coolant accident is
of such a small magnitude that the event is beyond the range of a credible occurrence.
Disposition of this issue is covered in Section 4.6.4.2. [3.6.7]

3.6.1.3 Instrument Line Break Outside Primary Containment

Following a review of the FSAR, the AEC raised several questions concerning instrument
lines originating at the reactor coolant pressure boundary and terminating outside primary
containment. Since the main issues addressed were secondary containment integrity and
potential offsite radiological consequences, this subject is covered in Sections 6.2.3 and
15.6.2, respectively.

3.6.2 Postulated Piping Failures in Fluid Systems Inside Primary Containment

This section contains design bases and evaluations related to two categories of high energy
piping located within the drywell. The first category includes only the reactor recirculation
(RR) system. The second category includes all other large reactor coolant pressure
boundary (RCPB) lines, such as main steam and feedwater. As described further in the two
subsections covering these categories, very different approaches were taken in
consideration of mechanistic pipe break effects, that is, pipe whip, jet impingement, and jet
thrust reactions on broken lines. Most of the differences resulted from the time frame of
original design development, during the transition period between consideration of a LOCA
as a hypothetical event, postulated primarily for sizing of containments and ECCS, and
treatment of all line breaks in a primarily mechanistic manner, as required by 1971
General Design Criterion number 4. The latter requirements had a particularly significant
impact on boiling water reactor (BWR) MK I containment design considerations.

3.6.2.1 Recirculation Loop Piping System

The recirculation lines within the primary containment are provided with a system of pipe
restraints designed to limit excessive motion associated with pipe split or circumferential
break. The design utilizes a number of supports and limit stops which permit thermal
expansion of the pipe. Both types of breaks, the circumferential break or the longitudinal
split are considered in the support and limit stop arrangement. [3.6.8]
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Design Bases

The design bases for the system of pipe restraints on the recirculation loop piping system
are as follows: [3.6.9]

A.

The pipe ruptures are assumed to occur anywhere in the system and are
assumed to be instantaneous circumferential guillotine breaks or longitudinal
pipe splits. (Note exception in item G).

The maximum distance between restraints is no greater than that distance
between restraint bracket and the containment drywell shell plate. (Note
exception in item G).

The position of restraint brackets limits excessive motion to assure that a
rupture in the recirculation system does not result in cascading pipe and system
failures so that safe shutdown of the reactor is possible.

The pipe restraints are arranged so as not to interfere with the normal
operation of the system, including earthquake motions.

The allowable stresses for the restraint brackets and support steel are 150% of
the AISC code allowable for the material used. The restraint ring is designed to
limit bending stresses within the ultimate strength of the material and to limit
the tensile stress to 90% of yield. The recirculation pump restraint cables (wire
rope) are limited to 90% of their breaking strength.

The design loads for the restraint system are the product of the reactor vessel
operating pressure times the pipe flow area. The bases for establishing the
design loads for the restraint system as stated are as follows:

1. The pipe rupture would occur at normal operating pressure. [3.6.10]

2. Pressure drop through pipe fittings, elbows, valves, pumps, jet-pump
throttling, and nozzle orifice drops was not considered. This is
conservative.

3. Pressure decay of the system was not considered in the static analysis of

the pipe restraint system. This is conservative.

4. The free flow area of the pipe was used. This is conservative.

5. Thrust load factors for the blowdown of this system were not considered.
This 1s not conservative, but is more than offset by the conservative items
above.

6. The pipe rupture would occur in a slow predictable manner, forcing the

relatively flexible piping system against the restraint bracket in an
equivalent predictable manner.

One restraint (HER# 0200-G-106) has been removed from the suction piping of
the Unit 1 system utilizing the relaxation in arbitrary intermediate pipe
rupture requirements from NRC Generic Letter 87-11 and the pipe break
location criteria from BTP MEB 3-1 (GL 87-11 attachment).
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3.6.2.1.2 Design Evaluation

The recirculation pipe restraint system consists of a thick steel ring surrounding the pipe
and anchored to the pedestal or shield wall by a steel bracket and structural steel support
members. After a pipe rupture, the pipe (if moving radially outward) would bear against
the restraint ring causing deformation. The restraint ring will stretch and deform around
the pipe taking the configuration of the pipe. The theoretical bending stress in the
restraint ring is the force times the radius of the ring based on an elastic analysis. [3.6.11]

The bending stress in the ring is self-relieving beyond the yield stress of the material and
this stress is limited to the ultimate strength of the material. The tensile and sheer
stresses are limited to 90% of yield strength of this material.

The bending stress in the ring structure of pipe restraints at the location where the ring is
attached to the support base has been investigated. [3.6.12]

The design of the restraint bracket calls for the outside face of the base supporting plate to
be tangent to the inside face of the restraint ring. This alignment tends to minimize the
effect of bending at this joint. Under design load conditions, however, there will be a
bending stress in the ring at this joint. This stress could be somewhat in excess of the
normally defined yield stress of 1.2% elongation of the material when a constant moment is
considered. However, this is a self-limiting stress in that the bending of the ring to match
the pipe shape reduces the moment arm. This reduction results in a lesser moment than
when calculated as fixed input load system. Even assuming that the bending moment is
constant over a ring length of 10 inches, the maximum bending strain in the joint is
approximately 3% elongation. For this material (A36) the minimum strain elongation
capability is approximately 20%. Thus, even without accounting for the moment reduction
characteristics built into the system, it can be seen that a substantial margin of safety
against this type of failure is available.

On the basis of the assumptions described above, for the worst case (the most highly loaded
restraint ring) our examination of combined stresses has shown that the strain is less than
4%.

The pipe restraints on the recirculation loop have the following average safety margins
calculated by the allowable stress (0.9 F) divided by the average calculated tensile and
shear stress: [3.6.13]

Line O.D. Stress
28 inch 1.55 ksi
22 inch 1.43 ksi
12 inch 3.10 ksi

Plastic deformation of the piping at the restraint was considered in this analysis. If the
pipe rupture was of a nature to load the pipe beyond the elastic limit of the pipe, then a
plastic hinge would form in the pipe at the restraint. The length of pipe from postulated
break to the restraint was maintained less than the distance from the containment vessel
shell to this plastic hinge, and therefore plastic deformation of the pipe was of no concern.
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The pipe analysis and effects of a subsequent pipe rupture in an adjacent system or the
same system is not considered due to the following:

A. The restraints limit the extent of damage to the ruptured system within the
immediate area,

B. Pressure loads in the system are immediately decreased, even with a postulated
12 inch pipe rupture, and

C. The effect and impact on adjacent piping systems is nominal.

3.6.2.2 High Energy Piping Inside Primary Containment Other Than Recirculation
Loop

With the exception of containment penetrations, addressed in Section 3.6.2.2.1 below, the
GE approach to pipe break considerations for systems other than reactor recirculation was
prevention of pipe break interactions. This was accomplished by a combination of
minimization of the probability of occurrence of a pipe break through use of high quality
material and extensive non-destructive examination, and minimization of potential
interaction effects by proper physical arrangement of systems piping and equipment, as
addressed in Section 3.6.2.2.2 below. The AEC did not fully accept this approach and
mandated further risk reduction measures as described in Section 3.6.2.2.3 below. [3.6.14]

3.6.2.2.1 Containment Penetration Protection

In the design of the primary containment and the components therein, special consideration
has been given to mitigation of pipe whip and jet force effects under the assumed accident
condition of a double-ended rupture of a MS, FW, or other large lines in order to maintain
containment penetration integrity. [3.6.15]

All large pipes that penetrate the containment are designed so that, they have anchors or
limit stops located outside of the containment to limit the movement of the pipe if
necessary. These stops are designed to withstand the jet forces associated with the clean
break of the pipe and thus maintain the integrity of the containment.

The space between the containment vessel and the concrete is controlled so that, in areas
which are backed up by concrete and are subjected to jet forces, the integrity of the
containment will not be violated. Concrete backing is not available for the vent openings to
the suppression chamber and jet deflectors are put across these openings for jet protection.

Pipes which penetrate the containment shell, and which are capable of exerting a reaction
force due to line thermal expansion or containment movement which cannot be restrained
by the containment shell are provided with bellows expansion seals, appropriate guards,
limit stops, or anchors as required to maintain stresses with allowable design limits. These
design features are utilized to assure integrity of the penetration during plant operation
and during accident conditions.
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Pipes which penetrate the containment where the reactive forces can be restrained by the
containment shell are provided with full strength attachment welds between the pipe and
the containment shell. These penetrations are designed for long-term integrity without the
use of a bellows seal.

3.6.2.2.2 Physical Arrangement

Special care is taken in component arrangements to see that equipment associated with
engineered safety systems such as the core spray, low pressure coolant injection (LPCI) and
the containment spray are segregated in such a manner that the failure of one cannot cause
the failure of the other, or that the failure of any component which would bring about the
need for these engineered safety systems will not negate adequate core cooling. Core spray
lines enter the upper cylindrical portion of the drywell, separated from the recirculation
lines which enter the lower spherical portion of the drywell, which separates these lines by
about 24 feet. Also, each LPCI loop injects coolant through separate portions of the
recirculation system. In addition, each containment spray header and support structure is
designed to withstand a load equivalent to the jet forces associated with a break of the
largest pipe within the drywell. With the exception of the incore monitoring detectors,
sensors associated with the reactor protection system, including the drywell pressure
detectors, are located external to the drywell and concrete structure, and are thus
protected; however, the incore monitoring detectors are physically separated in the drywell,
as are the sensing lines to the aforementioned other instruments. The control rod drive
mechanisms are located in a concrete vault that provides protection. [3.6.16]

3.6.2.2.3 Containment Shell Pipe Whip Protection

3.6.2.2.3.1 Design Bases

During the original design of Quad Cities, explicit consideration of pipe whip impact on the
drywell shell was limited to the reactor recirculation system. During FSAR review,
however, the AEC initiated a requirement for consideration of lines other than
recirculation. The responses, and succeeding AEC questions, eventually led to the AEC's
mandating of additional drywell shell protection measures at Quad Cities similar to those
provided in similar, contemporaneous BWR plants, such as Vermont Yankee. The following
paragraph is a paraphrase of the AEC comment which mandated provision of these
measures at Quad Cities. [3.6.17]

A high degree of confidence is required that, in the event of a pipe rupture that leads to
pipe whip inside primary containment, the integrity of the containment barrier shall be
assured such that an uncontrolled release of fission product is prevented. An acceptable
level of protection is accomplished by the installation of suitable energy-absorbing
structures within certain portions of the drywell.

The following criteria were used to determine the extent and location of application of
energy-absorbing material: [3.6.18]

A. The piping systems having sufficient energy to rupture the containment
pressure boundary are the MS, FW, HPCI, and RHR lines.
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B. These large pipes are postulated to rupture at circumferential welds at changes
in fluid flow direction, and areas of high stress.

C. The pipe whip movements are limited to directions normal to this ruptured
plane and the jet reaction loads, causing pipe rotation at the next nearest point
of system directional change or point of system rigidity (fixity, elbow, nozzle,
etc.).

D. The ruptured component is assumed to move in an arc of + 5° around a plastic
hinge at the postulated point of rigidity.

E. The drywell areas requiring protection are those areas where the ruptured
components are postulated to contact the drywell pressure boundary.

3.6.2.2.3.2 Design Evaluation

Calculations have shown that pipe breaks which result in the maximum energy available
for pipe whip are circumferential in nature and occur at the end of a long run of pipe in the
vicinity of an elbow. The worst break is one in which the jet force from the elbow acts in a
lateral direction such that the long run of pipe acts as a cantilever. Long pipe runs such as
this encounter obstructions enroute to the containment wall which minimize the probability
of containment penetration. In addition, the smooth shape of a curved elbow and the
relatively large area of impact imply that large deformation of the containment shell would
be required before complete penetration would occur. Experiments conducted by Chicago
Bridge and Iron (CB&I) have shown that for an impact area of 1.08 ft’ the containment
shell would deform to the point of contacting the concrete (radial deformation of
approximately 2-3/4 inches) without causing the shell material to crack. Calculations made
to determine if the other piping could possibly achieve the amount of energy necessary to
penetrate the containment, using the restraint of other structural members (i.e., pipe,

girders, beams, concrete, etc.) indicated that containment penetration was not possible.
[3.6.19]

The 2.75 inches is based upon full collapse of the gap filler material and the available gap
at ambient temperature. Both assumptions are very conservative. More realistically, the
maximum gap that could occur is about 2 inches. Thus, based upon deflection, at least a 1.5
safety factor exists. In addition, the test deflection of greater than 3 inches is applicable for
a load application condition of 1.09 square feet. Any jet force with sufficient magnitude to
deflect the shell would occur over a larger area and hence a greater deflection could be
tolerated and a significantly greater safety factor would result. For example, a main steam
line break would result in the load being applied over a minimum area equal to the pipe
area which i1s 1.755 square feet. This area is 60% greater than the application area used in
the test, and in actuality, the jet impingement area would be substantially greater
depending upon the distance from the break to the wall. It is therefore concluded that
ample safety margin exists to assure containment integrity under jet force loading
conditions. [3.6.20]

Refer to Section 3.5.1.2 for the combined loading conditions, including missile and jet loads,
which the containment vessel will withstand.
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An energy-absorbing system was installed at Quad Cities in accordance with the directive
from the AEC. The energy-absorbing system absorbs the initial impact of the pipe section
and distributes the force over a portion of the primary containment shell and containment
shield wall concrete. The material used for this protection is special siding with 1/4-inch
steel plate spot-welded to each face. This composite honeycomb material has been referred
to as "Tornado Siding." This siding is capable of absorbing approximately 1 x 10° ft-1bs of
kinetic energy/ft’. [3.6.21]

The siding is attached to additional weld pads to the steel containment pressure vessel in
24 x 24-inch panels. The use of small panels permits the material to follow the contour of
the vessel. The material, does not restrict access to piping welds or component welds for
inservice inspection. The energy-absorbing system has a negligible effect on the free
containment volume and consequently has no effect on the accident analysis. Installation
details are shown on P&ID B-305 and B-835.

3.6.2.3 Interaction with Other Structures and Components

This section contains discussions of other pipe break interactions inside primary
containment potentially involving all high energy piping systems. Specific sections cover
the reactor vessel, the reactor shield wall (surrounding the reactor vessel) and the
containment shield wall (surrounding the drywell). [3.6.22]

3.6.2.3.1 Reactor Vessel

Jet reaction forces on the reactor vessel were analyzed, with the reactor vessel and support
structures designed to withstand forces greater than those that would be created by full
flow through any vessel nozzle at reactor design pressure. The two largest jet reaction
forces would come from shearing a recirculation nozzle — 658 kips and shearing an outlet
steam line — 330 kips. Thus even if a line shears, the vessel would not be moved by jet
reaction forces sufficient to cause rupture of other connected pipes. [3.6.22a]

3.6.2.3.2 Reactor Shield Wall

The reactor shield wall consists of a 24-foot diameter circular cylinder attached to the
vessel support pedestal and extending upward approximately 45 feet. This cylinder forms
the outer shell of the annulus; the inner shell is formed by the vessel wall and support
skirt. The pedestal forms the base of the annulus with the top open to the drywell. The
reactor shield wall is 27 inches thick and is constructed from 27-inch vertical I-beam
columns, tied together by horizontal WF beams and 1/4-inch steel plates. These plates are
welded to the column flanges, both inside and outside, thereby forming a double-walled
shell. This shell is filled with concrete to provide shielding capability. The pipes leaving
the vessel at elevations below the top of the reactor shield wall penetrate the shield. The
penetrations in the vicinity of the core utilize removable shield plugs which fit around the
pipe. The plugs are provided in order to allow access to the pipe welds for purposes of
inservice inspections. These removable plugs are covered by two 9-inch thick steel plates
attached to the shield wall by two vertical hinges, each 1- 1/2 inch in diameter, with both
halves locked in place by a 1-inch diameter locking pin. [3.6.23]
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This configuration was conservatively analyzed to determine the capability of the shield
wall to withstand pressures generated in the annulus. The criteria utilized to estimate
beginning of wall failure are that:

A. Only the two 1/4-inch plates, acting as a thin cylindrical shell, would resist the
pressure forces, taking no credit for beam or concrete strength; that failure
commences when shear stress at the fillet weld joining the plates to the column
flanges reaches 90% shear yield.

B. Shear yield is only 1.5 times code allowable which would result in a failure
commencement at approximately 24 ksi whereas shear ultimate is in the order
of 40 ksi.

C. The pressure differential is a constant load, whereas the pressure differential
would decrease as the drywell pressurized. For these assumptions, the
beginning of wall failure would occur when the pressure in the annulus reaches
46 psi. This differential pressure is from the annulus across the shield wall to
the drywell space.

The inner annulus wall is the vessel and its skirt. The skirt would withstand an external
differential pressure of 150 psi before the onset of skirt buckling could commence. Hence,
the shield wall is the more critical component.

Estimates of pressures that could be generated in the annulus were also made. The
differential pressure is primarily a function of the break area and the annulus vent area.
These parameters have been investigated parametrically to determine differential pressure
as a function of the break to vent area ratio. The analyses assumed that 100% of the
energy released through a given break size would enter the annulus. The largest pipe, the
28-inch recirculation pipe, has a cross-sectional area of 3.65 ft*. Such size is equivalent to a
38 psi annulus pressure, but no pipe of this size is considered as being a credible break size
within the annulus. The minimum wall thickness for the various piping systems occurs at
the safe-end joint to the piping. All other sections from this joint back to the vessel have
thicker wall sections and, therefore, have lower stresses. The largest line which has the
safe end located in the annulus is the 4-inch jet pump instrument line nozzle. For all larger
lines, the double-ended line break would result in the flow being directed into the drywell
volume and not into the annulus. The rupture of this 4-inch line would result in a pressure
differential across the reactor shield wall of 1 psid, which is considerably less than the
capability of the shield wall.

The effect of power uprate to 2957 MWt on the biological shield annulus pressure has been
determined to be less than 1.2 psi. This increase in pressure is well within the biological
shield wall structural capability.

The effects of this 4-inch rupture in terms of missile generation were also considered. For
Quad Cities, the 1 psid would not generate a missile because removable plugs are retained
by hinged and locked doors as described. Forces would not be high enough to fail these
attachments. Also, the effects of the shear drag forces created by a jet which would result
from an open ended break of larger lines within the shield wall penetration was considered.
The 12-inch jet pump inlet is typical of these larger lines where the analyses showed that,
depending upon such factors as roughness coefficient, degree of two-phase
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flow and break size, a shear drag force of 1 to 8 kips would be created on the removable
plug which would tend to move the plugs out against the doors. This 8 kips load, plus the
additional 12 kips jet force load, is within the capability of the locking bars and hinges so
that no missiles would be generated in this manner.
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An analysis was also performed of the effects of jet forces resulting from a double-ended line
break of the 4-inch line, assuming the jet forces from the break were to impinge directly on
the removable plug, the resulting load would be 11 kips, which is less than the
aforementioned restraining capability.

It is therefore concluded that the possible jet forces which could result from leaks inside the
reactor shield wall would not lead to fracture of the shield with unacceptable consequences.

3.6.2.3.3 Drywell/Containment Shield Wall Gap

The primary containment vessel is completely enclosed in a reinforced concrete structure
having a thickness of 4 — 6 feet. This concrete structure, in addition to serving as the basic
biological shielding for the reactor system, also provides a major mechanical barrier for the
protection of the containment vessel and the reactor system against potential missiles
generated external to the primary containment. The space between the containment vessel
and the concrete is controlled so that areas which are backed up by concrete will withstand
jet forces which may occur upon failure of any system piping. Where concrete is not
available, such as at the vent openings, barriers are placed for jet protection. [3.6.24]

An evaluation was performed of the structural aspects and loads associated with steam or
two-phase fluid mixtures which could enter the gap between the containment and
containment shield wall. The mechanical and jet effects of this condition would not be of
any great consequence because pressure within the containment would always remain
greater than the pressure in the gap. The jet fluid escaping the pipe break pressurizes the
containment, causing it to expand against the compressible material within the gap. This
condition would limit the extent of pressurized volume in the gap caused by the jet and
would restrict the distribution of the load. The loading condition of this jet on the
containment could produce local yielding inward as the jet pushes against the plate. The
containment shield wall has been specifically designed to withstand a 662 kip jet load from
anywhere within the drywell. This capability is greater than the maximum jet load
expected from any pipe in the drywell. [3.6.25]

All large pipes which penetrate the containment were designed so that they have anchors
or limit stops located outside the containment to limit the movement of the pipe. These
stops were designed to withstand the jet forces associated with the clean break of the pipe
and thus maintain the integrity of the containment. Jet forces which may act on the
containment were taken as equal to reactor pressure acting directly on the containment
over an area equal to the cross-sectional area of the largest local pipe or nozzle. The
recirculation lines within the primary containment have been provided with a system of
pipe supports designed to limit excessive motion associated with a pipe slit or
circumferential break. Vent discharge headers and piping were designed to withstand the
jet reaction force caused by flow discharge into the suppression pool. [3.6.26]
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1. Letter from A. Giambusso (AEC) to Byron Lee (CECo), dated December 18, 1972,
"Effects of a Piping System Break Outside Containment," including errata issued on
January 16, 1973.

2 "Analysis of Effects of Pipe Break Outside the Primary Containment," Quad Cities
Station Units 1 and 2, Special Report No. 12, Revision 1, February 1975 (including
Appendix E to the Report which was submitted on November 17, 1977).

3 Calculation EMD-068129, "Reactor Water Cleanup System Pipe Whip/Jet
Impingement Loads," Quad Cities Unit 1 and 2, Revision O.
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3.7 SEISMIC DESIGN

At the time that the purchase specifications for the Quad Cities equipment were written,
the seismic requirements were specified to be equivalent to the maximum ground motion
accelerations. Initial seismic analyses unique to Quad Cities were performed using the
Golden Gate Park spectra from the San Francisco earthquake of 1957. Dresden analyses
were also used to obtain loads for the Quad Cities designs; the Dresden analyses were
based on the El Centro earthquake of 1940. Subsequent to these initial analyses, a re-
evaluation was performed using the Housner earthquake. [3.7.1]

The specific details of the application of these three input spectra and the methods used to
perform the seismic evaluations are provided in the following sections.

3.7.1 Seismic Input

The seismic design criteria of structures and equipment were based upon the
recommendations of seismologist Perry Byerly. Engineering consultants, John Blume and
Associates, reviewed the seismology, geology, and other site data and recommended the
criteria provided in Volume II, Appendix F, of the Quad Cities Plant Design Analysis
Report (PDAR). [3.7.2]

The Class I structures, piping, and equipment (with the exception of the drywell) were
initially seismically analyzed with the earthquake input corresponding to the Golden Gate
Park south 80° east (S80E) component of the 1957 San Francisco earthquake normalized to
0.12g at the base of the reactor building (hereafter referred to as the Golden Gate Park
earthquake). For structures and equipment analyzed using the response spectrum method,
smoothed curves such as those shown in Figure 3.7-1 were used. For structures and
equipment analyzed using the time history method, the actual Golden Gate Park record
was normalized to 0.12g and used in the analysis; the unsmoothed response spectrum of
this time history is shown in Figure 3.7-2. [3.7.3]

The Quad Cities drywell was evaluated using the results of the Dresden drywell analysis.
The seismic input for the Dresden plant was the north-south component of the 1940 El
Centro earthquake, normalized to 0.10g. Figure 3.7-3 shows the response spectrum for the
El Centro earthquake which was used at Dresden. [3.7.4]

The seismic input ground motion considered in the re-evaluation of the structures, piping
and equipment corresponds to the Housner response spectrum normalized to 0.12g. As
shown in Figure 3.7-2, the Housner spectrum is higher than the Golden Gate Park
spectrum for periods greater than 0.265 seconds. A similar comparison was made for the El
Centro and Housner spectra. [3.7.5]

All Class I structures, piping, and equipment were re-evaluated to ensure that the results
of the original analyses, based on Golden Gate Park and El Centro inputs, adequately
enveloped those of the Housner input. For systems analyzed to the Golden Gate Park
spectrum with fundamental periods less than 0.265 seconds, the spectral accelerations from
the original analysis were higher than the corresponding spectral accelerations from the
Housner event; therefore, the original analyses were acceptable. For those structures
where the Housner event may control, reanalysis using the Housner input was performed.

The following Class I structures, piping, and equipment whose periods fall in the range
where the Housner spectral accelerations exceed those of the Golden Gate Park earthquake
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were reanalyzed using the Housner spectrum and were evaluated using the higher seismic
loads obtained from either of the two analyses. [3.7.6]

A. Reactor-turbine building system,
B. Main chimney,
C. Primary steam lines, and
D. Feedwater lines.
Details of these and other evaluations are provided in Sections 3.7.2. and 3.7.3.

Design response spectra for building-attached piping, equipment, and components were
developed using the original response spectra, generated for specific damping levels, based
on the Golden Gate Park earthquake. The peaks of the time history-derived spectra were
broadened by 156%. The spectral accelerations for periods above 0.265 seconds were then
manually adjusted for the higher input accelerations from the Housner earthquake. [3.7.7]

Design response spectra for additional damping levels were generated using synthetic time
history generation methods. These spectra supplemented the original building-generated
spectra described in the preceding paragraph. The complete set of final design spectra are
used in the current qualification of Category I components.

All seismic input response spectra and time histories discussed above correspond to the
horizontal loading condition. As previously discussed, the horizontal operating basis
earthquake (OBE) load is based on a peak ground acceleration of 0.12g. In addition, a
simultaneously acting vertical acceleration of 0.08g, constant for all periods, is applied to
the structure and the resulting stresses added directly to the horizontal stresses. [3.7.8]

Results of these OBE analyses, combined with operating stresses, were compared against
applicable codes without the usual increase in allowables for short-term loading to ensure
compliance. An additional analysis was performed to ensure a safe shutdown during or
after a seismic event of twice the OBE magnitude discussed, i.e., a horizontal ground
acceleration of 0.24g and a vertical acceleration of 0.16g.

3.7.2 Seismic System Analysis

This section provides an overview of the methods used to perform seismic system analyses
at Quad Cities. The subsections in Section 3.7.2.1 provide modeling and analysis details for
the major Class I structures and mechanical systems at Quad Cities. Section 3.7.2.2
provides general information for the evaluation of Class II structures and systems.

3.7.2.1 Class I Structures and Systems

The overall responsibility for the adequacy of seismic design was maintained by GE with
support from their consultants. The design basis for the Quad Cities seismic criteria was
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developed for GE by John A. Blume and Associates; Keith, Feibusch Associates, Engineers;
and J. Sexton. The consultants completed the design analysis consisting of an investigation
of both the flexural dynamic response and the rocking dynamic response of the subject
buildings based upon the Sargent & Lundy (S&L) design drawings. Using the Golden Gate
Park and Housner earthquake criteria, they established plant design envelopes of
maximum acceleration, displacement, shear, and overturning moment versus height and
transmitted this to the architect/engineer (S&L) for use in final seismic designs for all Class
I structures. In addition, these consultants established floor response spectra for the Class
I structures used by the piping designers (S&L and GE). All analyses were transmitted to
the responsible organization via written data analysis reports. [3.7.9]

The design criteria for all seismic data were documented by the responsible organization in
the form of "earthquake analysis data" reports. These reports were then transmitted to the
design groups. These reports are in the form of descriptive data analysis, seismic curves,
piping isometrics, and computer data listings. General Electric Company, through design
reviews and drawing releases, monitored the seismic design to assure that all procedures
were followed.

As previously stated, one of two methods of analysis of Class I structures and equipment
founded directly on soil are considered acceptable; either a response spectra or a direct
time-history method of dynamic response. The damping values used in the seismic
analyses are listed in Table 3.7-1. The damping values in Table 3.7-1 are used in the OBE
analyses but are also conservatively used in the design basis earthquake (DBE) analyses.
Sufficient modes are considered to assure participation of all modes having periods that
result in significant magnification. [3.7.10]

For seismically-analyzed systems, only the drywell and reactor pressure vessel (RPV)
equipment are vulnerable to relative displacement of the supports. The drywell and RPV
were analyzed dynamically to simultaneously account for both inertia forces and support
displacements. A rebaselined seismic model of the RPV, internals and interrelated portions
of the main plant structures was developed in 1994 to address issues associated with the
seismic analysis of the core shroud repairs as well as other RPV internals computer repair
designs. The rebaselined model was modified to incorporate the core shroud repair
hardware and was used to perform the seismic analysis for the repair design. The Golden
Gate and Housner time histories were used to perform the seismic analysis for the core
shroud repair design. The enveloping values (accelerations, displacements, shears and
moments) from the two time histories were used for the evaluations and design of the
repair hardware. A core shroud repair designed to structurally replace circumferential core
shroud welds H1 through H7 was installed in Unit 2 during Q2R13 and Unit 1 during
Q1R14. (See Sections 3.7.2.1.4 and 3.9.3.1.1 for a description of the drywell and RPV
analysis, respectively.) [3.7.11]

Class I structures or equipment founded or supported on other than the ground are
analyzed on the basis of their natural frequencies and the predominant frequency of the
supporting structure. [3.7.12]

3.7.2.1.1 Reactor-Turbine Building

The reactor building is a reinforced concrete structure from the rock foundation to elevation
690.5 feet and a steel superstructure configuration from elevation 690.5 feet to the roof
elevation 737 feet. The turbine building is similar: a reinforced concrete section to
elevation 639 feet and a steel superstructure to the roof at elevation 700 feet. The two
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buildings are connected at the reactor operating floor elevation 639 feet and near the
steel-framed roof at elevation 690.5 feet. [3.7.13]

3.7.2.1.1.1 Modeling

The mathematical models depicting this total building system that were used in
determination of the dynamic responses are shown on Figure 3.7-4 and 3.7-5 for the north-
south and east-west earthquake directional inputs, respectively. The mathematical model
of both the turbine and reactor buildings is such that interaction effects of the buildings are
also accounted for directly in the computations. Note that the north-south direction model
uses only a building connection at elevation 639 feet whereas the east-west direction uses
connections at elevations 639 feet and 700 feet. The diesel generator room housing the Unit
1/2 (swing) diesel generator is included in this analysis because the room is rigidly
connected to the reactor building east wall through base and roof slabs and two vertical end
walls. Since the buildings are founded directly on rock, they are assumed to act with the
ground motion at the foundation level. [3.7.14]

These models are equivalent systems of the buildings (including the new fuel storage
vault), representing masses interconnected by a system of weightless springs. The masses
are lumped at each floor level, at points of intersection of diagonal members in the braced
areas, and at the roof diaphragm elevation. Each mass represents the combined mass of
the structure and equipment for the specific area represented. Stiffness values are
determined from the moments of inertia and effective shear areas by cutting a horizontal
section through the building between each mass point and utilizing a modulus of elasticity
of 3 x 106 and 30 x 108 psi for concrete and steel, respectively.

The design modulus of 3 x 108 psi is in accordance with the American Concrete Institute
(ACI) Building Code Requirements for reinforced concrete (ACI 318-63) Section 1102 which
is standard design practice. However, it is recognized that the modulus of elasticity of
concrete increases with age following the 28-day period. The elastic modulus is not directly
proportional to the strength of concrete; nevertheless, the effect of increasing the strength
causes an increase in the modulus. However, the increase in the modulus due to age is not
significant. Also, the percent change in the modulus is small compared to other inputs in
the analysis such as dimensions, areas, cross sections, mass grouping, etc. Hence, the effect
of an unknown modulus change on the validity of the dynamic analysis is considered to be
negligible. [3.7.15]

3.7.2.1.1.2 Analysis

The parameters discussed in Section 3.7.2.1.1.1 were utilized as inputs to a computer
program that was designed to solve the dynamic response of structures subjected to
arbitrary ground motions. The computer program used in these analyses has been
discussed in detail in the Dresden Station Units 2 and 3, AEC Dockets 50-237 and 50-249.

The computer program uses input data in the form of the actual structure inertias, areas,
and shear areas and accounts for effects of axial and shear deformations in the calculation
of the stiffness matrix. The program then computes natural periods of vibration and mode
shapes of the mathematical model by solving for the eigenvalues and eigenvectors utilizing
stiffness and mass matrices. Using generalized coordinate and mass matrices, in
conjunction with the input ground motion and damping factor for all modes, the generalized
displacement response of the structure is computed. [3.7.16]
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The Duhamel integral is integrated by a step-by-step solution using a computing interval of
0.005 seconds. Response of each mass for each individual mode at each increment of time is
retained in the core storage, and the total response for each time increment is obtained by
adding this data together for each mode at each particular instant. This results in an exact
combination of mode participation without the necessity of using approximate methods of
modal participation.

The results of these computations provide a time-history of displacements and from this, for
the total modes considered, a time-history of inertia forces is determined. Once the
time-histories of displacement and inertia forces are established, time-histories of shears,
moments, and accelerations are computed.

For the original analysis, the input motion used was the first 5 seconds of motion from the
time-history of ground accelerations of the Golden Gate Park earthquake. A structural
damping level of 5% was used.

The first five modes of system vibration in each direction were used in the analysis. The
sixth mode has a period approaching that of a rigid system; therefore, the influence of the
sixth and higher modes has a negligible participation in the overall response and was not
used. Table 3.7-2 summarizes the modal periods in seconds obtained for both directions of
response.

3.7.2.1.1.3 Development of Response Spectra

As previously discussed in Section 3.7.1, the reactor-turbine building was originally
analyzed using the Golden Gate Park time-history input but was reanalyzed to consider the
Housner time-history input. The design of the reactor-turbine building was performed
using the enveloped results of the two analyses. Floor response spectra were developed
using the following method. [3.7.17]

The earthquake response of the concrete portion of the reactor building is dominated almost
entirely by one mode having a period of vibration of about 0.15 seconds. Because of this
fact, the revised floor response spectra were constructed by combining three curves.

First, in the period range between 0.0 and about 0.3 seconds, the Golden Gate Park
spectrum controls over the Housner spectrum. It can be concluded that, in this period
range, the floor response spectra generated from the Golden Gate Park input also control.

Second, for the periods of vibration in the long period range (greater than about one or two
seconds), the floor spectra tend to approach the ground spectrum. In this long period range,
the accelerations for the Housner spectrum are greater than those of the Golden Gate Park
spectrum. In this period range, the floor response spectra generated using the Golden Gate
Park input are adjusted to account for the higher accelerations of the Housner Spectrum.
[3.7.18]

Finally, in the period range between the point where the previously calculated Golden Gate
Park spectrum controls, and where the floor spectra are very nearly represented by the
Housner ground spectrum, a transitional curve was established. This transitional curve
was constructed by multiplying the ordinates of the Housner spectrum by a magnification
factor that was calculated as a function of the ratio of the period under consideration to the
period of the input floor motion. For simplicity of analysis, this magnification factor was
conservatively calculated by assuming a sine wave acceleration input. Thus the
magnification factor presented in standard textbooks on vibrations (for an
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example, see Figure 5-14 of "Engineering Vibrations," by Jacobsen and Ayre, 1958) can be
used as the conservative amplification factor for the transitional portion of the floor
response spectra.

These three curves constitute the floor response spectra in the applicable period ranges,
and because of the one-mode nature of the concrete portion of the building, these same
spectra combinations produce more conservative floor spectra than would be obtained from
a multi-mass time-history method using the time history associated with the Housner
spectrum. Note that a multi-mass time-history method was used to obtain the results for
the Golden Gate Park earthquake.

For the design of equipment and components in the rigid range, the peak accelerations at
the appropriate reactor-turbine building elevation can be used. These peak accelerations

are graphically depicted in Figures 3.7-6 and 3.7-7. [3.7.19]

3.7.2.1.1.4 Soil-Structure Interaction Considerations

The Quad Cities reactor building is founded on rock. Details of the foundation and its
preparation can be found in Reference 1. The earthquake motions imparted to the building |
through the rock and to the soil overburden through the rock will cause each to vibrate in a
particular fashion. Because of the dissimilarity in the properties of the two, a dynamic
interaction effect will arise between the building and the soil, causing an effective increase

in the static soil pressure on the substructure walls. This increase in pressure has been
incorporated for design purposes by the following methods. [3.7.20]

For dry soil, an effective increase in the normal lateral earth pressure was calculated to
approximate the effects due to an earthquake. The method utilizes Coulomb's theory for
calculating lateral earth pressures but includes the effect of the horizontal acceleration on
the weight of the failure wedge of soil behind the wall.

For saturated soil, an effective increase in pore water pressure was calculated by methods
utilized for determining the hydrodynamic pressure on dams and added to the results
calculated by the above procedure utilizing the buoyant soil weight.

Normal design practice for buildings of this type is to consider a 1,000 Ib/ft? surcharge
around the building for construction loads. The effective increase in lateral earth pressure
for the surcharge load was greater than the seismic design pressures calculated, hence, no
special considerations for the seismic loadings were necessary.

Random rock voids of up to 20 feet across were assumed under the reactor building. The
magnitude of these incompletely-filled cavities in the foundation bedrock were not
considered to be sufficient to allow any settling of Class I structures and equipment.
However, four bench marks were established on the exterior walls of the Units 1 and 2
reactor building, one each on the concrete pedestals supporting the two drywells, and one
on the 310-foot concrete ventilating chimney. Readings were taken during the construction
period to monitor settlement and to confirm the original assumption. [3.7.21]

3.7.2.1.2 Control Room

The control room was dynamically analyzed in a manner essentially identical to that of the
reactor-turbine building discussed in Section 3.7.2.1.1. One difference in these analyses is
that for the north-south direction response, the control room acts as a rigid part of the
reactor-turbine building, and, therefore, the results in this direction are based
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on the reactor-turbine building analyses. The dynamic response developed for the east-
west direction is for the control room uncoupled from the reactor-turbine building. [3.7.22]

The other primary analytical difference in the analyses is that three modes of response
were considered for the control room in the east-west direction. These first three modes
have natural periods of 0.065, 0.027, and 0.017 seconds. Response due to higher modes
with shorter periods was neglected, since the participation of such modes has a negligible
effect on overall response.

The peak accelerations for the control room are graphically depicted in Figure 3.7-8. These
accelerations are used for the design of rigid equipment and components as discussed for
the reactor-turbine building in Section 3.7.2.1.1.3.

3.7.2.1.3 Concrete Chimney

The 310-foot concrete chimney serves as the gaseous waste discharge point for both Units 1
and 2. The structure is conical, with a base internal diameter of 22 feet 7 1/2 inches and a
top diameter of 11 feet. Thickness varies with the height from 33 to 7 inches. The
foundation is filled with sand, and fixity exists about 8 feet below grade. Consideration of
the base as fixed results in a shorter period for the stack than if the base were allowed to
rotate, and thus the corresponding response acceleration will be higher. Therefore, base
rocking and translation were conservatively neglected. [3.7.23]

A dynamic analysis was performed for this structure in the same manner as discussed for
the original analysis of the reactor-turbine building, i.e., the chimney was analyzed using
the Golden Gate Park earthquake input. The mathematical model utilized treated the
chimney as a cantilever structure composed of 33 mass points connected by weightless
elastic columns. Seven modes of vibration were considered in the analyses with a 5%
damping value assigned to all modes. The periods are 1.381, 0.372, 0.158, 0.089, 0.058,
0.042, and 0.033 seconds, respectively, for these first seven modes. Influence of higher
modes is considered negligible to the overall response, and, therefore, higher modes were
not utilized in the calculation. Numerical results of this analysis are discussed in Section
3.8.4.3.

3.7.2.1.4 Drywell

John A. Blume and Associates reviewed the Quad Cities drywell with respect to the
Dresden drywell including considerations of site geology, input earthquakes, and building
arrangements. The review resulted in using the Dresden drywell seismic envelopes of
shear, moment, and displacement as design values for Quad Cities. [3.7.24]

The primary factors in the selection of the Dresden drywell analyses as being applicable to
Quad Cities are that, below elevation 652 feet 8 inches the shear values for the empty
condition are essentially constant and independent of elevation, and the Dresden
reactor-turbine building displacements are greater than the corresponding Quad Cities
displacements. The drywell seismic inertia contribution is small in comparison to the
effects of seismic building movements as indicated from the nearly constant shear values
at elevations below 652 feet 8 inches. This indicated that the critical load source is
displacement of the reactor-turbine building. The Dresden displacements are 120 and 70
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mils in the north-south and east-west direction at the shear lug elevation, whereas the
corresponding Quad Cities displacements are 65 and 55 mils. Hence, use of the Dresden
design parameters results in a more conservative design than if a detailed drywell analysis
for Quad Cities had been used.

The mathematical model of the drywell structure, which includes the reactor-turbine
building interaction effects, is depicted on Figures 3.7-9 and 3.7-10.

The drywell shell is connected to the skirt plate by a full penetration weld. The skirt plate
1s 5/8-inch thick and is anchored into the foundation concrete by twenty-four 2 1/4-inch
diameter bolts. On this basis, the drywell was considered fixed at the base. [3.7.25]

A 2-inch gap between the drywell and concrete containment shield wall was ensured by
cementing preformed polyurethane foam elastic sheets to the steel drywell and all joints
and around the sleeves for the drywell penetrations. The material is compressible,
therefore, the drywell is considered to be free except at elevations 652 feet 8 inches and 565
feet 10 inches.

The seismic shear is transferred to the foundation concrete by the skirt plate bearing
against the concrete; and therefore, there is no need to rely on friction between the bottom
of the drywell shell and the supporting foundation concrete to maintain a stable condition.

The drywell was designed for the effects of seismic loads in a flooded condition. Two
conditions were considered critical in evaluating the drywell capability under seismic
loading. The first is when the drywell is flooded to the knuckle (elevation 629.9 feet). The
second condition is when the drywell is flooded to the normal pool level (elevation 689.5
feet). [3.7.26]

Five percent damping was used in the analysis for all six modes considered. Periods in
seconds for both an empty and flooded condition for each direction of applied force is
summarized in Table 3.7-3. The difference in mass between the empty and flooded drywell
1s small; therefore, there is no variation in modal periods for the first five modes.
Additional modes appear in the flooded model after the fifth mode. [3.7.27]

3.7.2.1.5 Suppression Chamber

The suppression chamber (torus) is a torus-shaped steel vessel having an inside diameter of
30 feet and a major diameter of 109 feet. It is supported vertically by 32 columns, 16 inner
and 16 outer, with saddle supports between each pair of columns. In addition, 26 snubber-
type supports located at the ring header provide both vertical and lateral support.
Additional lateral stability is provided by four pinned, embedded anchorage assemblies
located 901 apart and identified as seismic supports. These supports transmit seismic
loads from the torus to the concrete foundation. Dynamically, the torus is a complete
system in itself; the vents, headers, and downcomers are separated from the torus by means
of bellows which provide no support. [3.7.28]
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3.7.2.1.5.1 Original Seismic Analysis

In the original analysis, the torus was idealized as a single degree of freedom system. Its
spring constant was determined from the calculated shear deformations of the pins and
bottom plates of the four seismic supports. By comparison, the upper plates are rigid in
shear, and all plates and pins were considered rigid in bending. The columns contribute a
negligible amount of resistance compared to the stiffness of the seismic supports.

The original analysis considered both the flooded and normal conditions. Using the
calculated stiffness and mass, the fundamental period of vibration of the torus was
determined for the two cases. These periods are quite short in relation to the significant
frequencies of the response spectra provided on Figure 3.7-1; therefore, the ground
horizontal acceleration of 0.12g was used to determine the stresses induced by the
operating basis seismic event.

The original analysis did not include the 16 saddle supports which were added subsequent
to the original analysis. [3.7.29]

The mass of the header was assumed to be negligibly small in comparison with the mass of
the torus and therefore had no influence on the response of the torus. In considering the
amplification factor of 1.5 for the design of the header, it was recognized that the smaller
the mass ratio (header to torus), the larger the header response. It was also recognized that
the closer the period of vibration of the header is to the period of vibration of one of the
torus modes, the larger will be the magnification of response. However, those effects were
greatly mitigated by the fact that the resonant mode of the torus is the fourth ovaling mode
and therefore transmits very little energy to the header. This fact, coupled with the low
stress levels in the header, fully justified the use of the 1.5 magnification factor used in the
header analysis. [3.7.30]

The ringheader analysis used a three-dimensional stiffness matrix which included the
effects of flexural and torsional shear and axial deformations. Using this stiffness matrix
and a mass matrix calculated for the mathematical model, the natural periods of vibration
and corresponding mode shapes were determined. [3.7.31]

Since the chamber is very rigid compared to the ring header, the ground response spectrum
for 0.5% damping was applicable to the header. Hence, the header was analyzed using a
uniform equivalent static coefficient corresponding to the ground spectral acceleration at
the header natural period multiplied by a factor of 1.5.

The 1.5 factor provided a 50% margin to account for the effects of higher header modes and
the minor magnification that could be produced from torus and header interaction. The
fourth ovaling mode of the 30-foot cross section plate is the primary contributing mode to
interaction, and the additional 50% margin on the equivalent static coefficient accounted
adequately for this effect.

The resulting horizontal coefficient used was 0.4g, which was combined with a
simultaneous vertical acceleration of 0.08g.

Vents and downcomers are isolated from the torus dynamically and are attached to the
drywell. Downcomer design is controlled by jet forces which are much greater than seismic
loads. Vents with their bellows are designed to take movements due to
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temperature, pressure, and earthquake loading conditions. The bellows have the capability
of taking axial and lateral movements resulting from these conditions. [3.7.32]

3.7.2.1.5.2 Mark I Program

After the original seismic analysis described in Section 3.7.2.1.5 was performed,
hydrodynamic loads associated with the Mark I Program were identified. These new loads
necessitated a re-evaluation of the torus and associated subsystems. Seismic analyses of
the torus, performed as part of the Mark I Program are discussed in Section 3.8.2. [3.7.33]

3.7.2.1.6 Reactor Vessel Support System

In order to ascertain the adequacy of the reactor vessel support structure, a dynamic
analysis was performed to determine shear, moments, displacements, and forces on the
supporting structure. The system configuration which was analyzed essentially consists of
a fixed base at the pedestal, connected through the support structure to the vessel. The
vessel 1s connected to the shield wall by stabilizers and the shield wall is interconnected to
the drywell by a truss arrangement. The upper supports are located at elevation 653 feet
approximately. The pedestal is a cylinder carrying the reactor, reactor shield wall, floor
framing, piping, and equipment with these vertical loads being transferred through bearing
to the drywell base and to the rock foundation. Lateral load due to seismic action is
transferred through the pedestal base keyway in the drywell interior concrete. [3.7.34]

The amount of frictional force available to resist horizontal shear is directly proportional to
the normal pressure (proof load) between the RPV skirt flange and top flange of the ring
girder. The frictional force, both in its total amount and its coefficient of sliding friction, is
independent of the areas in contact, so long as the total pressure remains the same. The
friction-type connection of the RPV skirt flange to the ring girder, in which some of the bolts
lose a part of their clamping force (proof load) due to applied tension during an earthquake,
suffer no overall loss of frictional shear resistance. The bolt tension produced by the
moment is coupled with a compensating compressive force on the other side of the axis of
bending. [3.7.35]

As part of the core shroud repair program, new horizontal seismic analyses of Quad Cities
Units 1 and 2 were performed. The seismic model includes the RPV, internals and
supporting structures. Prior to use for the core shroud repair the model was benchmarked
against the design basis model used for the original seismic analysis. The seismic model
included updates to incorporate the current fuel as well as the core shroud repair hardware
in the form of three horizontal and one rotational springs. The horizontal springs are
located at the elevation of the core support plate, the jet pump riser braces and the top
guide. The rotational spring represents the tie rod assemblies. Both Unit 1 and Unit 2
have the core shroud repair hardware installed. [3.7.36]

The seismic analyses were performed using the time history method. The input motions
included the S80E component of the 1957 Golden Gate Park earthquake record and a
synthetic time history record enveloping the Housner spectra. Both time histories were
normalized to a peak ground motion of 0.24g. Bounding Design Basis Earthquake (DBE)
and Operating Basis Earthquake (OBE) loads were obtained. All relevant modes of
vibration of the coupled system were considered. The damping factors utilized are defined
in Table 3.7-1. The resulting shears, moments, displacements and accelerations were
determined and used to re-evaluate the adequacy of the reactor pressure vessel support
system.
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3.7.2.2 Class II Structures and Systems

For Class II structures, normal design practices for the design of power plants in the State
of Illinois have been utilized. As a minimum, however, seismic inputs were in accordance
with the Uniform Building Code (UBC) recommendations for Zone I and the allowable
stresses were in accordance with the UBC. [3.7.37]

Detailed information related to the site geology and seismic probabilities which
demonstrate the conservatism inherent in the Class II design criteria and methods can be
found in the previously referenced PDAR, Appendix F. Examples of Class II design practice
are the analysis of the radwaste and crib house structures.

The crib house walls were investigated for lateral earth effects due to both the OBE and
DBE. The details of this investigation are discussed in Section 3.8.6. [3.7.38]

3.7.3 Seismic Subsystem Analysis

This section provides an overview of the methods used to perform seismic subsystem
analyses at Quad Cities. Subsections 3.7.3.1 through 3.7.3.3 provide modeling and analysis
details for piping systems, equipment, components, and minor structures at Quad Cities.

3.7.3.1 Piping

Originally, Class I piping systems were analyzed by either dynamic modal computer
analysis or by the use of force-deflection curves, as discussed more fully in Section 3.9.3.
Modal analysis was performed for piping larger than 8 inches in diameter, and
force-deflection curves were applied to piping 8 inches and smaller in diameter. [3.7.39]

Subsequent to the original analyses, two piping-related programs, which involved
reanalysis of Class I piping systems, were completed. The Mark I Program (described in
Sections 3.8, 3.9 and 6.2) included re-evaluation of piping attached to the suppression
chamber and the safety relief valve discharge piping which were impacted by Mark I
hydrodynamic loads. [3.7.40]

In addition, the release of IE Bulletin 79-14 (described in Section 3.9.3.1) prompted the
re-evaluation of safety-related piping larger than 2 in. in diameter.

Most of the piping affected by either the 79-14 or Mark I Program was reanalyzed by
rigorous computer methods, which is described in Section 3.9.3.

3.7.3.2 Equipment

Generally, Class I equipment is seismically qualified by testing or analysis. The
qualification of Class I instrumentation and electrical equipment is addressed in Section
3.10. The qualification of Class I mechanical equipment is addressed in Section 3.9. [3.7.41]
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3.7.3.3 Other Structural Elements

This section describes methods used to analyze and evaluate other structural elements not
included in the system analysis discussions in Section 3.7.2. Among these structural
elements are small buildings, building elements within larger structures, and
miscellaneous structures such as retaining walls and tunnels.

3.7.3.3.1 Fuel Pool

The seismic analyses of the fuel pool space were included in the overall reactor-turbine
building analyses discussed in Section 3.7.2.1.1. The analysis models for the reactor-
turbine building, shown in Figures 3.7-4 and 3.7-5, included the mass of the fuel pool water
and the fuel pool concrete in mass points 4 and 5. [3.7.42]

3.7.3.3.2 Class I Tunnels

The Class I tunnels are supported on concrete down to the rock strata. These tunnels are a
part of the underground concrete structure and act with the reactor and turbine buildings
as a unit. Any underground Class I pipe or cable carried in these tunnels are evaluated
using applicable spectra from the reactor-turbine building. [3.7.43]

Similarly, the service water pipe from the crib house to the reactor and turbine buildings is
encased in the circulating water pipe concrete encasement which is sitting directly on the
rock. In view of the fact that the crib house is also sitting on the rock, the reactor-turbine
building, crib house, and concrete encasement also act as a unit.

3.7.3.3.3 Intake Flume Retaining Wall Structure

The dynamic loading on the retaining wall is the combination of soil and water pressures
during the earthquake. The resultant dynamic force due to soil was obtained by a method
developed by Mononobe and Okabe, (Mononobe, N., and Matsuo, H., "On the Determination
of Earth Pressure During Earthquakes," Proceedings, World Engineering Congress, Tokyo,
1929). The dynamic water pressures on both sides of the retaining wall were obtained by
using a modification of the Westergaard Theory (Matsuo, H., and O'Hara, S., "Lateral Earth
Pressure and Stability of Quay Walls During Earthquakes," Proceeding, Second World
Conference on Earthquakes, Engineering, Vol. I, 1960). On the seaward side of the
retaining wall, dynamic water pressure is equal to that computed by the Westergaard
solution. On the landward side, the dynamic water pressure due to seepage was taken as
70% of the Westergaard value and acts together with the dynamic water pressure acting on
the seaward side of the wall. The resulting values of the combined dynamic effects of soil
and water pressures were added to the static pressures to obtain the maximum lateral
forces. The retaining wall was analyzed for both an OBE and a DBE. The resulting
stresses were below the allowables for both cases. [3.7.44]
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3.7.3.3.4 Intake Flume Earth Embankment

The seismic consideration on earth embankment is primarily its resistance to sliding
motion during an earthquake. The analysis of the slope stability of the earth embankment
during an earthquake was proposed by Newmark (Newmark, N.M., "Effects of Earthquakes
on Dams and Embankments," Goetechnique, Vol. XV, No. 2, June, 1965).
Three principal cases of sliding are considered:

1. Circular sliding surface,

2. Plane sliding surface, and

3. Block sliding horizontally.
The earth embankment was found to be capable of resisting the sliding effects during an

SSE for all three cases considered.

3.7.3.3.5 Masonry Walls

Masonry walls are utilized at Quad Cities as firewalls, partition walls, radiation shielding,
opening blockouts, and exterior walls. All masonry walls at Quad Cities are unreinforced,
except in the bed-joint of every other course; however, bed-joint reinforcement is not
considered in the evaluation of the walls. The evaluation and qualification of the Class I
masonry walls (i.e., those walls supporting Class I equipment or components) or non-Class I
walls whose structural failure may affect Class I equipment or components was performed
in response to IEB 80-11. [3.7.45]

The masonry walls are modeled in one of three ways depending on the supporting
configuration. Walls supported from the floor only are modeled as cantilevers. Walls
supported at floor and ceiling are modeled as one-way strips. Walls supported on two or
more adjacent sides are modeled as two-way plates. The material is considered to be
isotropic and elastic.

The wall models are used to determine the fundamental period of the walls. Adjustments
to the periods are made to account for openings in the walls. The final periods are then
used to select the proper seismic acceleration from the building floor response spectra. The
damping level used for the analyses is 2% for both the OBE and DBE. For the generation of
attachment loads, the following damping levels are used for piping: 0.5% for OBE and 2.0%
for DBE, and for other systems, 1.0% for OBE and 2.0% for DBE.

Equivalent static analyses are performed for the inertial considerations. The results of one
horizontal and the vertical analyses are combined by absolute summation for the total
response.

In addition to inertial loads described in the previous paragraph, interstory drift is also
evaluated. In-plane shear strains due to relative displacement between the top and bottom
of the walls is calculated. Since none of the masonry walls at Quad Cities is effectively
fixed at the top or bottom, out-of-plane drift is not considered.
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Overturning and sliding of cantilever walls are also evaluated to ensure maintaining a
factor of safety of 2.0 for OBE and 1.5 for DBE. Movements are evaluated to ensure that
safety-related items are not affected. Mortar-free cantilever walls are evaluated using a
coefficient of friction of 0.33, to maintain a factor of safety of 1.5 for OBE and 1.0 for DBE.

3.7.4 Seismic Instrumentation

A strong-motion seismograph is located on the basement floor of the Unit 1 turbine building
(elevation 547 feet 0 inches) in the northeast corner of the condensate pump room. The unit
1s mounted directly onto the floor in a corner out of the way of the normal traffic pattern.
By mounting the seismograph directly on the floor of the turbine building basement, an
accurate recording of ground motion originated in the rock substructure which underlies
the plant foundations will be obtained. [3.7.46]

The unit is self-contained and is powered by rechargeable batteries.

This single seismograph used in the Quad Cities plant is not installed for safety purposes
but rather to record earthquake forces occurring at the site. The seismograph was installed
in the Quad Cities plant at the request of the AEC, for the purposes of history and as an aid
in evaluating local earthquakes. The seismograph serves as an earthquake assessment
resource for Quad Cities' emergency planning. The Exelon Nuclear Standardized
Radiological Emergency Plan (E-Plan) for Quad Cities defines emergency action levels,
depending upon the earthquake magnitude recorded by the seismograph. [3.7.47]

If a seismic disturbance occurred in the range of and less than or equal to the OBE, a
thorough visual inspection would be made of the plant equipment and instrumentation to
check for any abnormalities. If conditions were found to be normal, plant operation would
be continued or resumed. If the seismic disturbance exceeded the OBE, a thorough visual
inspection would be made of the plant equipment and instrumentation to check for any
abnormalities and the plant would be shut down. [3.7.48]
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3.7.5 References

1. Quad Cities Station Units 1 and 2 Foundation Grouting Report (including
Supplementary Information).
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Table 3.7-1

VIBRATION DAMPING FACTORS FOR STRUCTURES AND ASSEMBLIES

Item % of Critical Damping
Reinforced Concrete Structures 5.0
Steel Frame Structures 2.0
Bolted and Riveted Assemblies 2.0
Welded Assemblies 1.0
Vital Piping Systems 0.5
Standby Gas Treatment System Duct 1.0
1Reactor Pressure Vessel 3.0
Masonry Walls 2.0

1

The damping factors for the shroud, guide tubes, CRD housing, and RPV stabilizer are considered
as GENE proprietary information and are provided in GENE-771-71-1094, Revision 1, "Quad
Cities Units 1 and 2 Shroud Repair Seismic Analysis," January 5, 1995.
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Table 3.7-2

REACTOR-TURBINE BUILDING MODAL PERIODS (SEC.)

Direction 1st Mode 2nd Mode 3rd Mode 4th Mode 5th Mode
N-S 0.345 0.306 0.145 0.100 0.093
E-W 0.331 0.177 0.195 0.113 0.082
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Table 3.7-3

DRYWELL MODAL PERIODS (SEC.)

Direction/Condition Mode: 1 2 3 4 5 _6
N-S/Empty 0.39 0.23 0.20 0.17 0.14 0.077
N-S/Flooded 0.39 0.23 0.20 0.17 0.14 0.12
E-W/Empty 0.37 0.34 0.25 0.15 0.12 0.65
E-W/Flooded 0.37 0.34 0.25 0.15 0.12 0.116

(Sheet 1 of 1)
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3.8 DESIGN OF CATEGORY I STRUCTURES

3.8.1 Concrete Containment

The primary containment function for the Quad Cities Mark I design is provided by three
interconnected steel structures: the drywell, vent system and pressure suppression
chamber (torus or wetwell). The concrete reactor building structure, which houses the
primary containment for both units, serves as a radiation shield and fulfills a secondary
containment function. Structural design of the concrete reactor building is, therefore,
addressed in Section 3.8.4. Functional design of both primary and secondary containment
is covered in Section 6.2. [3.8.1]

3.8.2 Steel Containment

This subsection presents key aspects of the structural design of the Quad Cities primary
steel containment. Design elements addressed for the major steel containment components
include:

Physical layout,

Codes and standards,

Loading conditions,

Design and analysis procedures,

Acceptance criteria, and

= = 9 a w o »

Testing and inservice inspection.

The Mark I primary containment system is designed to condense the steam released
during a postulated loss-of-coolant accident (LOCA), to limit the release of fission products
associated with such an accident, and to serve as a source of water for the emergency core
cooling system (ECCS). [3.8.2]

Each Mark I primary containment consists of a drywell, which encloses the reactor vessel,
reactor coolant recirculation system, and branch lines of the reactor coolant system; a
toroidal-shaped pressure suppression chamber containing a large volume of water; and a
vent system connecting the drywell to the water space of the suppression chamber (see
Figure 6.2-1).

The drywell is a steel pressure vessel with a spherical lower section and a cylindrical upper
section, as shown in Figure 6.2-2. A portion of the lower spherical drywell section is
embedded in concrete. This embedment, in combination with lateral restraints which are
attached to the cylindrical section, forms the drywell support system. The suppression
chamber is a steel pressure vessel, shaped like a torus, encircling and located below the
drywell. The steel suppression chamber is mounted on support structures which transmit
loads to the concrete foundation of the reactor building (see Figures 6.2-1, 6.2-2, and 6.2-5).
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The drywell and suppression chamber are interconnected by a vent system. Eight main
vents connect the drywell to a vent ring header, which is located within the suppression
chamber air space. A bellows assembly is located at the junction where each main vent
penetrates the suppression chamber shell to permit differential movement of the
suppression chamber and drywell/vent system. Projecting downward from the vent ring
header are downcomer pipes, arranged in 48 pairs around the vent header circumference,
terminating below the surface of the suppression chamber water volume, as illustrated by
Figures 6.2-1, 6.2-3, and 6.2-4.

The original design of the Mark I containment system considered postulated accident loads
associated with the containment design (see Section 6.2 for a functional description of the
containment system). These included pressure and temperature loads resulting from a
LOCA, seismic loads, dead loads, jet-impingement loads, hydrostatic loads due to water in
the suppression chamber, and pressure test loads. Subsequently, while performing large-
scale testing for the Mark III containment system and in-plant testing for Mark I primary
containment system, new suppression chamber hydrodynamic loads were identified. These
hydrodynamic loads are related to the postulated LOCA and safety/relief valve (SRV)
actuation.

The additional loads result from dynamic effects of drywell atmosphere and steam being
rapidly forced into the suppression pool during a postulated LOCA, and from suppression
pool response to SRV operation generally associated with plant transient operating
conditions. Additional details regarding the origin and nature of these hydrodynamic loads
is presented in Section 6.2.1. Because these hydrodynamic loads had not been considered
in the original design of the containment, a detailed re-evaluation was undertaken. This
re-evaluation, referred to as the Mark I Program, involved tasks performed to restore the
originally intended design safety margins for the Quad Cities plant. The Mark I Program
culminated in the issuance of the plant unique analysis report (PUAR)!™ for Quad Cities
followed by review and acceptance by the NRCI2!,

The following subsections address structural design of the drywell (Section 3.8.2.1), vent
system (Section 3.8.2.2), and suppression chamber (Section 3.8.2.3).

3.8.2.1 Drywell

Due to the physical layout of the drywell, in which the main vent junctions are
immediately above the drywell's concrete embedment (see Figure 6.2-2), the main vents are
anchored to the drywell shell. Due to the proximity of this anchorage to the vent/drywell
junctions, no significant Mark I hydrodynamic loads propagate to the drywell. Therefore,
with the exception of the main vent junctions, the drywell was not re-evaluated under the
Mark I Program. The following subsections thus describe original drywell structural
design.

3.8.2.1.1 Description of Structure

Drywell dimensions were dictated by the need to enclose the reactor vessel and associated
auxiliary equipment. The governing thermal-hydraulic aspects for containment sizing are
addressed in Section 6.2.1. [3.8.3]

Revision 6, October 2001
3.8-2



QUAD CITIES — UFSAR

The drywell spherical section is 66 feet in diameter and varies in thickness from 11/16
inches — 1-1/8 inches. The cylindrical neck section is 37 feet in diameter and varies in
thickness from 3/4 inches — 1-1/2 inches. The spherical to cylindrical transition is 2-3/4
inches thick. The removable top head ranges from 1-1/4 inches — 1-7/16 inches in
thickness. The drywell stands 111 feet 11 inches tall. Drywell materials are described in
Table 6.2-1.

As noted in the arrangement drawings the drywell bottom is filled with concrete. Beneath
the drywell is a 26-foot thick concrete fill from the spring line down. These concrete fills
are in contact with an internal 6x1-inch continuous steel ring on the interior and the steel
support skirt on the exterior. These shear rings, attached to the drywell at approximately
a 19-foot 6-inch radius, transmit the seismic shear loads into the building foundation and
result in the drywell base and the reactor building acting as a unit under seismic loads.
The upper portion of the drywell is supported by stabilizers and a truss arrangement to the
reactor vessel and shield wall at elevation 652 feet 8 inches. These systems transmit the
upper lateral seismic loads to the reactor building. Thus all the vertical and seismic loads
are transmitted directly to the reactor building and do not require additional support
structures. [3.8.4]

3.8.2.1.2 Applicable Codes, Standards, and Specifications

The primary containments for Quad Cities Station Units 1 and 2 were designed, erected,
pressure-tested, and N-stamped in accordance with the ASME Code, Section III, 1965
Edition including Addenda up to and including Winter 1965. [3.8.5]

3.8.2.1.3 Loads and Load Combinations

The loads applicable to the design of the drywell are defined as follows: [3.8.6]
D = Dead load of structure and equipment plus any other permanent loads
contributing stress, such as soil or hydrostatic loads or operating pressures
and live loads expected to be present when the plant is operating.

P = Pressure due to loss-of-coolant accident.

= Jet force or pressure on structure due to rupture of any one pipe.

H = Force on structure due to thermal expansion of pipes under operating
conditions.
T = Thermal load on containment, reactor vessel, and internals due to loss-of-

coolant accident.

E = Design earthquake load, ground acceleration, horizontal =0.12g. vertical
=0.08g.

E' = Maximum earthquake load, ground acceleration, horizontal =0.24g vertical
=0.16g.
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The load combinations applicable to the design of the drywell are defined as follows: [3.8.7]

Drywell Load Combinations (Including Penetrations)

Load Combination Allowable Stress

D+H+T+E ASME, Section III, Class B, without the usual increase
for seismic loadings.

D+P+H+R+T+E Same as the preceding, except that local yielding is
permitted in the area of the jet force where the shell is
backed up by concrete. In area not backed up by concrete,
primary local membrane stresses at the jet force do not
exceed 0.90 times yield point of the material at 300°F.

D+P+H+R+T+E Primary membrane stresses, in general, do not exceed the
yield point of the material. The same criteria as above is
applied to the effect of jet forces for this loading condition.

The drywell design pressure for Quad Cities is 56 psig whereas the design pressure for the
Dresden Units 1s 62 psig. The ASME Boiler and Pressure Vessel Code, Section III,
"Nuclear Vessels" was changed by the Winter 1965 Addenda and is the reason for the
apparent (but not actual) differences in the design pressure. The Winter 1965 Addenda
was issued December 31, 1965 and became mandatory on July 1, 1966, which made it
applicable to Quad-Cities 1 and 2 containments. [3.8.8]

Paragraph N-1312 of Section III states that the "design internal pressure" may differ from
the "maximum containment pressure," provided the "design internal pressure" is not less
than 90% of the maximum containment pressure. Thus, the specification for the Quad
Cities containments specify a "maximum internal pressure" of 62 psig and a "design
internal pressure" of 56 psig. Paragraph N-1314(b) states that the maximum allowable
stress, Sy, shall not exceed the allowable stress in Section VIII of the Code.

Prior to the Winter 1965 Addenda, the allowable stress, Sim}, was specified as 1.1 times the
Section VIII allowables; therefore, the basic required shell thickness is essentially the
same for containment vessels constructed before and after the Winter 1965 Addenda.

Prior to the Winter 1965 Addenda, the containment vessels were pneumatically
over-pressure tested at 115% of the design pressure (1.15 x 62 = 71.3 psig in the case of
Dresden) instead of 125% of the design pressure, as required by Section VIII. The Winter
Addenda now requires a test in accordance with the rules of Section VIII and does not
allow a reduction in the percent over-pressure (1.25 x 56 = 70 psig in the case of Quad
Cities).

3.8.2.1.4 Design and Analysis Procedures

Design requirements for the drywell include provisions for resisting dead, live, and
operating loads, and additional special loads. Potential seismic loads are addressed in
Section 3.7. Section 6.2 describes the drywell design provisions for thermal expansion
loading.
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3.8.2.1.5 Structural Evaluation

Section 6.2.1 addresses the drywell performance capabilities. With regard to the seismic
structural design evaluation (See Section 3.7), Figures 3.8-2 through 3.8-4 present the OBE
drywell results for displacements, shears, and moments, respectively, in the north-south
direction. Results for displacements, shears, and moments in the east-west direction are
presented in Figures 3.8-5 through 3.8-7, respectively.

Based upon a number of drywell analyses, the empty condition is more controlling than the
flooded condition for seismic design. The flooded condition results in tensile stresses
predominating, whereas the empty condition is controlled by compressive (buckling)
stresses. Since the critical buckling allowable stresses are less than the tensile allowable
stresses, the empty condition is considered to control. [3.8.9]

The bearing stresses on concrete due to shear from the OBE and DBE are 67 psi and 134
psi, respectively. The tensile stresses in the skirt plate from OBE and DBE are 1030 psi
and 2060 psi, respectively. The tensile stresses in the anchor bolts connecting the skirt
plate to the foundation due to the OBE and DBE are 9800 psi and 19,600 psi, respectively.
The anchor bolts are embedded in the foundation concrete with a bearing plate on the end
of the bolt a distance sufficient to develop the full tensile strength of the bolt. [3.8.10]

The drywell plates are restrained in the area of the skirt connection by the concrete inside
and outside the drywell. Therefore this plate is subjected to membrane stresses only. For
the OBE this stress is 2750 psi and for a DBE the stress 1s 5300 psi.

The allowable stress for the skirt plate material is 22,500 psi at 300°F and the allowable
stress for the bolt material is 31,400 psi at 300°F. The allowable bearing stress in concrete
1s 750 psi.

In addition to using the conservative design values presented, no increase in allowable
stresses for short term loading was used. Further, the design was reviewed for twice the
presented loads to assure compliance with the design basis earthquake criteria. [3.8.11]

The drywell was designed for the additional effects due to seismic loads when it is already
in a flooded condition. Two conditions were considered critical in evaluating the drywell
capability under seismic loading. The first is when the drywell is flooded to the knuckle
(elevation 629.9 feet). The second condition is when the drywell is flooded to the normal
pool level (elevation 689.5 feet). In both cases, the critical buckling stresses are at the
embedment of the drywell at elevation 576 feet. Stresses in the drywell under the
combination of a flooded post-accident condition and either an OBE or a DBE remain below
critical buckling stresses. [3.8.12]

Table 3.8-1 summarizes the drywell stresses at this point of embedment in the concrete
(elevation 576 feet).

3.8.2.1.6 Testing and Inservice Inspection Requirements

Pressure and leak rate testing of the containment system is addressed in Section 6.2.6.

During leak rate testing, the Quad Cities-Unit 1 vessel was supported on the concrete fill
in contact with the entire base. The Quad Cities Unit 2 vessel was supported by the [3.8.13]
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exterior steel support erection ring for the testing. The drywell was designed for the
weight to be supported in this manner without creating local overstress conditions. The
interior 1x6-inch ring provides additional strength in this area, and acting with the
support ring aids in preventing overstress. These support methods are permanent and the
test is representative of the operating condition.

3.8.2.1.7 Flued Head Penetrations

Piping penetrations are of two general types: i.e., those which accommodate movement,
and those which experience relatively little movement. [3.8.14]

An example of a piping penetration for which movement provisions are made is shown in
Figure 3.8-37. These penetrations have a guard pipe between the hot line and the
penetration nozzle in addition to a double-seal arrangement. This permits the penetration
to be vented to the drywell should a rupture of the process line occur within the
penetration. The guard pipes are designed to the same pressure and temperature as the
fluid line and are attached to a multiple flued head fitting, a one-piece forging with integral
flues or nozzles. These fittings were designed to the ASME Pressure Vessel Code Section
VIII. The penetration sleeve is welded to the drywell and extends through the containment
shield wall where it 1s welded to a bellows which in turn is welded to the guard pipe. The
bellows accommodates the thermal expansion of the drywell relative to the process pipe. A
double bellows arrangement permits remote leak testing of the penetration seal. A single
or double ply bellows with a permanent bellows test enclosure or a temporary test fixture
inside the drywell will also permit leak rate testing. The lines have been constrained at
each end of the penetration assembly to limit the movement of the line relative to the
containment, yet permit pipe movement parallel to the penetration.

Qualification tests have been conducted on a Pathway Bellows 26-inch Tandem Expansion
Joint, which is virtually identical to the Quad Cities bellows. The object of these tests was
to qualify the 26-inch expansion joint by flexing in a lateral offset condition and performing
leakage and proof pressure tests to verify design integrity. The test specimen successfully
passed all test conditions with no indication of failure due to life cycling, distortion due to
applied proof pressure, or leakage of the inner and/or outer ply.

Lines which connect to a high-pressure system and do not have a double-seal penetration
sleeve are the hydraulic lines to the control rod drives. The control rod drive penetrations
consist of 362 small diameter stainless steel pipes shop welded to the drywell plate, of
which 354 are used for control rod drive lines. The mechanical problems involved with this
number of small penetrations in a relatively small area make it impractical to provide
individual penetration sleeves.

The pipes are designed to deflect with the drywell shell. They are not individually testable,
but are tested as part of the overall containment leak rate test.

Penetration details of piping lines that allow for relatively little movement are shown in
Figure 3.8-38. The pipe sleeve which attaches to the drywell is designed for 56 psig, but
because of structural thicknesses, can withstand a substantially higher pressure. No
bellows are required, since drywell thermal expansion is minimal. A tabulation of the type
of penetration used for each service is shown in Table 3.8-2.

The drywell is reinforced at penetrations by means of inserts heavier than the shell
material as shown in UFSAR Figure 3.8-38 which provide the necessary material to
maintain plate stresses within allowable limits. Reinforcing requirements are in
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accordance with the provisions of Sections IIT and VIII of the ASME Boiler Code for Class
B Vessels.

Lines which open directly to the containment do not have separate penetration sleeves and
are welded directly to the containment shell. The drywell shell is reinforced at these
penetrations by means of inserts heavier than that shown in the schematic of Figure 3.8-38
which provide the necessary material to maintain plate stresses within allowable limits.
Reinforcing requirements are in accordance with the provisions of Sections III and VIII of
the ASME Boiler Code for Class B Vessels.

3.8.2.1.8 Klectrical Penetrations

Electrical penetrations were designed to accommodate the electrical requirements of the
plant. These are functionally grouped into low voltage power and control cable penetration
assemblies, high voltage power cable penetration assemblies, and shielded cable
penetration assemblies. Each penetration seal has the same basic elements shown in
Figure 3.8-39. [3.8.15]

An assembly is sized to be inserted in and welded to the 12-inch schedule 80 penetration
nozzles which are furnished as part of the containment structure.

Hermetic seals are provided at each end of the penetration, forming a double pressure
barrier. Radiation shielding is attached to the penetrations on the drywell side to provide
external access to the electrical connections during plant operation.

The design and fabrication of each type of penetration assembly is in accordance with the
requirements of the ASME Boiler and Pressure Code, Section III, Class B Vessel, and
materials of construction are self-extinguishing in accordance with ASTM-D635.

The electrical penetrations were designed to withstand environmental conditions present
during a postulated loss of coolant accident, and to maintain containment integrity for
extended periods of time in a post-accident environment. These conditions, including the
normal operating environmental condition, are shown in Table 3.8-3.

The low voltage assembly is suitable for voltages of 600 V or less and is designed for
conductors varying in size from 18 — 4/0 AWG. The cables are grouped and passed
through openings in the header plates in the same manner as shown in the generic
representation given by Figures 3.8-40 and 3.8-43. A sealing compound is applied at each
end of the penetration to seal the assemblies. A cable lead is terminated at either a splice
or an environmental-resistant connector.

Shielded signal cables are provided to interconnect low noise circuits between the reactor
and the control room; in particular, the reactor neutron monitoring channels. Figure 3.8-
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41 shows a cutaway view of the containment penetration assembly for shielded signal
cables. One type of circuit uses coaxial connectors mounted directly on the headerplates
and is isolated from ground. Another type of circuit uses connectors mounted on the
penetration assembly auxiliary structure.

A sectional view of the high voltage power cable penetration assembly is shown on

Figure 3.8-42. The penetration assembly accommodates voltages up to 5 kV and cables as
large as 1000 MCM and is designed to maintain low gas leakage rates and high insulation
resistance. The high voltage cables are passed through openings in the headerplates and
potting compound is applied to both sides of the headerplates to effect a pressure seal. The
headerplates are constructed of nonmagnetic stainless steel in order to eliminate the
possibility of eddy current heating.

3.8.2.2 Vent System

3.8.2.2.1 Description of Structure

The Quad Cities Units 1 and 2 vent systems are constructed from cylindrical shell
segments joined together to form a manifold-like structure connecting the drywell to the
suppression chamber. Figures 3.8-1, 6.2-2 and 6.2-3 show the configuration of the vent
system. The major components of the vent system include the vent lines, vent line-vent
header spherical junctions, vent header, and downcomers. Figures 3.8-8, 3.8-9, 6.2-4 and
6.2-5 show the proximity of the vent systems to other containment components. [3.8.16]

The eight vent lines connect the drywell to the vent header in alternate mitered cylinders
or bays of the suppression chamber. The vent lines are nominally 1/4-inch thick and have
an inside diameter (ID) of 6 feet 9 inches. The upper ends of the vent lines include
spherical transition segments at the penetration to the drywell (Figure 3.8-14). The
drywell shell around each vent line-drywell penetration is 1-1/8-inches thick and is
reinforced with a 1-1/2-inch thick reinforcing pad plate and a 3-inch thick cylindrical
nozzle. The vent lines are shielded from jet impingement loads at each vent line-drywell
penetration location by jet deflectors which span the openings of the vent lines. The eight
vent line-vent header spherical junctions connect the vent lines and the vent header
(Figure 3.8-15). Each spherical junction is constructed from six shell segments with
thicknesses varying from 1/4 — 5/8 inch. The spherical junctions all have a 1-inch
diameter drain line extending from the bottom of the spherical junction to below the
suppression pool surface.

The safety relief valve discharge lines (SRVDL) are routed from the drywell through the
vent line and penetrate the vent line inside the suppression chamber. Section 3.9.3.1
provides a discussion of the analysis of SRV piping.

The vent header is a continuous assembly of mitered cylindrical shell segments joined
together to form a ring header (Figure 6.2-3). The vent header is 1/4-inch thick and has an
ID of 4 feet 10 inches.

Ninety-six downcomers penetrate the vent header in pairs (Figures 3.8-16, 6.2-1, and
6.2-3). Two downcomer pairs are located in each vent line bay; four pairs are located in
each non-vent line bay. Each downcomer consists of an inclined segment which penetrates
the vent
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header, and a vertical segment which terminates below the surface of the suppression pool
(Figures 3.8-16, 3.8-17, and 3.8-18). The inclined segment is 3/8-inch thick and the vertical
segment is 1/4-inch thick. The inside diameters of the inclined and vertical portions of the
downcomer are 2 feet 0 inches and 2 feet 1/8 inches, respectively.

Full penetration welds connect the vent lines to the drywell, the vent lines to the spherical
junctions, the spherical junctions to the vent header, and the downcomers to the vent
header. Therefore, the connections of the major vent system components are capable of
developing the full capacity of the associated major components themselves.

The intersections of the downcomers and the vent header are reinforced with a system of
stiffener plates and bracing members (Figures 3.8-16, 3.8-17, and 3.8-18). In the plane of
the downcomer pairs, the intersections are stiffened by a pair of 1/2-inch stiffener plates
located between each set of the downcomers and a pair of lateral bracing pipe members at
the bottom of each set of two downcomers. The stiffener plates are welded both to the
tangent points of the downcomer legs and to the vent header. The lateral bracing members
are welded to the downcomer rings near the tangent points. The system of stiffener plates
is designed to reduce local intersection stresses caused by loads acting in the plane of the
downcomers. The system of lateral bracing ties the downcomer legs together in a pair;
therefore, separation forces on the pair of downcomer legs will be taken as axial forces in
the bracing.

In the direction normal to the plane of the downcomer pair, the downcomers are braced by
a longitudinal bracing system located in those vent line bays which house the SRV
discharge line, and which extend to midlength of the neighboring non-vent bays (Figure
3.8-16). In this manner, 62% of all the downcomers are braced longitudinally. The
longitudinal bracing patterns for the two Quad Cities units vary in some degrees because
of the different locations of the SRV lines (Figures 3.8-16, 3.8-19, and 3.8-20). The ends of
the horizontal pipe members near miter joints and centerlines of the non-vent bays are
welded to the downcomer rings. The 3 x 1-inch diagonal members and their adjacent
horizontal pipe members are connected to lugs which are welded to the downcomers.

This bracing system provides an additional load path for the transfer of loads acting on the
submerged portion of the downcomers, and results in reduced local stresses in the
downcomer-vent header intersection regions. The system of downcomer-vent header
intersection stiffener plates and lateral bracing members provides a redundant mechanism
for the transfer of loads acting on the downcomers, thus reducing the magnitude of loads
passing directly through the intersection. The longitudinal bracing also ties together
several pairs of downcomers in the longitudinal direction, causing an increase in stiffness
to the overall system that minimizes the dynamic effect of several loads, including SRV
loads on submerged structures. This also results in load sharing among the downcomers
for the SRV loads on submerged structures.

A bellows assembly is provided at the penetration of the vent line to the suppression
chamber (Figures 3.8-14 and 6.2-2). The bellows allows differential movement of the vent
system and suppression chamber to occur without developing significant interaction loads.
Each bellows assembly consists of a stainless steel bellows unit connected to a 1-3/4-inch
thick nozzle. The bellows unit has a 7-foot 5-inch inside diameter and contains five
convolutions which connect to a 1/2-inch thick cylindrical sleeve at the vent line and a
1-inch thick cylindrical sleeve at the torus nozzle end. A 1-1/2-inch thick annular plate
welded to the vent line connects to the upper end of the bellows assembly by full
penetration welds. The lower end of the bellows assembly is a 1-3/4-inch thick nozzle,
already described, which is connected to the suppression chamber shell insert plate by full
penetration welds. The overall length of the bellows assembly is 3-feet 2-3/4 inches.
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Vent header deflectors are provided in both the vent line bays and the non-vent line bays
(Figures 3.8-9, 3.8-17, and 3.8-18). The deflectors shield the vent header from pool swell
impact loads which occur during the initial phase of a DBA event. The vent header
deflectors are constructed from 20-inch diameter, Schedule 100 pipe. The vent header
deflectors are supported by 1-inch thick connection plates that are welded to the vent
header support collar plates near each miter joint.

The drywell/wetwell vacuum breakers are nominal 18-inch units and extend from
mounting flanges attached to 1-foot 7-inch outside diameter (OD) by 1/2-inch thick nozzles.
The nozzles penetrate the vent line-vent header spherical junction (Figure 3.8-15).

The vent system is supported vertically by two column members at each miter joint
location (Figures 3.8-21, 3.8-22, and 6.2-5). The support column members are constructed
from 6-inch diameter, Schedule 80 pipe. The upper ends of the support columns are
connected to the 1-inch thick vent header support collar plates by 2-3/4-inch diameter pins.
The support collar plates are attached to the vent header with 5/16-inch fillet welds. The
support column loads are transferred at the upper pin locations by 3/4-inch thick pin
plates. The lower ends of support columns are attached to 1-1/2-inch thick ring girder pin
plates with 2-3/4-inch diameter pins and 3/4-inch thick pin plates. The support column
assemblies are designed to transfer vertical loads acting on the vent system to the
suppression chamber ring girders, while simultaneously resisting drag loads on submerged
structures.

The vent system is supported horizontally by the vent lines which transfer lateral loads
acting on the vent system to the drywell at the vent line-drywell penetration locations.

The vent lines also provide additional vertical support for the vent system, even though the
vent system support columns provide primary vertical support. Since the relative stiffness
of the bellows with respect to other vent system components is small, the support provided
by the vent line bellows is negligible.

The vent system also provides support for a portion of the SRV piping inside the vent line
and suppression chamber (Figure 3.8-14, and 6.2-4). Loads acting on the SRV piping are
transferred to the vent system by the penetration assembly and internal supports on the
vent line. Conversely, loads acting on the vent system cause motions to be transferred to
the SRV piping at the same support locations. Since the relative stiffness of the SRV
discharge line with respect to other vent system components is small, the support provided
by the SRV discharge line to the vent system is negligible.

3.8.2.2.2 Applicable Codes, Standards, and Specifications

The primary containments, including the vent systems described herein, for Quad Cities
Units 1 and 2 were originally designed, erected, pressure-tested, and N-stamped in
accordance with the ASME Code, Section III, 1965 Edition with Addenda up to and
including Winter 1965. [3.8.17]

For the Mark I Program re-evaluation, the acceptance criteria generally followed the rules
contained in the ASME Code, Section III, 1977 Edition with Addenda up to and including
Summer 1977 for Class MC (Metal Containment) components and component supports.
Further detail regarding structural acceptance criteria may be found in Section 3.8.2.2.5.
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3.8.2.2.3 Loads and Load Combinations

The loads for which the Quad Cities Units 1 and 2 vent systems were evaluated are defined
in NUREG-0661 B! on a generic basis for all Mark I plants. Mark I program loads have
been defined in a separate report known as the Plant Unique Load Definition [ (PULD) for
Quad Cities. The PULD essentially implemented the methodologies defined in NUREG-
0661. [3.8.18]
The loads acting on the vent system are categorized as follows:

A. Dead weight loads,
Seismic loads,
Pressure and temperature loads,
Vent system discharge loads,
Pool swell loads,

Condensation oscillation loads,

Chugging loads,

T 2 " = QS oW

Safety relief valve discharge loads,
I. Piping reaction loads, and
J. Containment interaction loads.

Dead weight, seismic, and pressure and temperature loads were considered in the original
containment design. The Mark I Program identified additional pressure and temperature
loads as a result of postulated LOCA and SRV discharge flows. Section 3.8.2.1.3 describes
the design pressure loads applicable to the vent system.

Not all of the loads defined in NUREG-0661 were evaluated in detail since some are
enveloped by others or have a negligible effect on the vent system. Only those loads which
maximize the vent system response and lead to controlling stresses were fully evaluated

and are described in the PUARI.

3.8.2.2.4 Design and Analysis Procedure

With the exception of the nonrepetitive pattern of the downcomer longitudinal bracing
system, the repetitive nature of the vent system geometry is such that the vent system can
be divided into 16 identical segments which extend from midbay of the vent line bay to
midbay of the non-vent line bay (Figure 6.2-3). To account for the nonrepetitive pattern of
the longitudinal bracing system, two conditions were idealized. First, it was assumed the
bracing system is included in the 1/16 segment. In this assumption, all 96 downcomers
were assumed to be braced longitudinally (100% bracing condition). Second, it was
assumed that the 1/16 segments do not include any bracing system. With this assumption,
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a nonbracing condition was developed. These two idealized conditions bound

any particular bracing condition which might exist in any particular 1/16 segment of the
two Quad Cities vent systems. The governing loads and a few chugging load cases, exhibit
symmetric or anti-symmetric characteristics (or both) with respect to a 1/16 segment of the
vent system. The analysis of the vent system for the majority of the governing loads was
therefore performed for the two 1/16 segments described previously. [3.8.19]

Two beam models of the 1/16 segment reflecting the preceding conditions were used to
obtain the response of the vent system to all loads, except those resulting in asymmetric
effects on the vent system. The resulting responses from the two models were compared
and the more severe was selected for Code evaluation. The models included the vent line,
the vent header, the downcomers, the vacuum breakers, the support columns, and the
downcomer lateral bracings. The longitudinal bracing was also included in one model.

The local stiffness effects at the penetrations and intersections of the major vent system
components (Figures 3.8-14 through 3.8-18) were included by using stiffness matrix
elements of these penetrations and intersections. A matrix element for the vent line-
drywell penetration, which connects the upper end of the vent line to the transition
segment, was developed using the finite difference model of the penetration. A matrix
element which connects the lower end of the vent line to the beams on the centerline of the
vent header and to the beams on the centerline of the vacuum breaker nozzles, was
developed using the finite element model of the vent line-vent header spherical junction.

Finite element models of each downcomer-vent header intersection were used to develop
matrix elements which connect the beams on the centerline of the vent header to the upper
ends of the downcomers at the downcomer miters.

The node spacings used in the two analytical models were identical and were refined to
ensure adequate distribution of mass, determination of component frequencies and mode
shapes, and to facilitate accurate load application. The stiffness and mass properties used
in the two models were identical and were based on the nominal dimensions and densities
of the materials us