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Chapter 3
DESIGN CRITERIA - STRUCTURES,

COMPONENTS, EQUIPMENT, AND SYSTEMS

3.1 CONFORMANCE WITH AEC GENERAL DESIGN CRITERIA

Structures, systems, and components important to safety are designed to meet the intent of
the general design criteria (GDC). The general design criteria, and explanations of how the
structures, systems, and components meet the intent of the general design criteria, are found in
Sections 3.1.1 through 3.1.55.

Each of the engineered safety features is designed to tolerate a single failure during the
period of recovery following an incident, without loss of its protective function. This period of
recovery consists of two segments, the short-term period and the long-term period.

During the short-term period, the single failure is limited to a failure of an active component
to complete its function as required. Should the single failure occur during the long-term rather
than the short-term period, the safety-related system is designed to tolerate an active failure or a
passive failure without loss of its protective function.

The following definitions pertain to the single-failure criterion:

Period of recovery - The time necessary to bring the plant to a cold shutdown and regain
access to faulted equipment. The recovery period is the sum of the short- and long-term periods
defined below.

Incident - Any natural or accidental event of infrequent occurrence and its related
consequences that affect the plant operation and require the use of ESF systems. Such events,
which are analyzed independently and are not assumed to occur simultaneously, include the
loss-of-coolant accident (LOCA), steam-line ruptures, steam generator tube ruptures, etc. A
system blackout may be an isolated occurrence or may be concurrent with any event requiring
engineered safeguards systems use.

Short term - Short term is the first 24 hours following initiation of ESF system operations.
During the time immediately following the incident, automatic actions are performed, system
responses are checked, the type of incident is identified, and preparations for long-term recovery
are made.

Long term - The remainder of the recovery period following the short term. In comparison
with the short term, when the main concern is to remain within Atomic Energy Commission
(AEC) specified site criteria, the long-term period of operation involves bringing the plant to
cold-shutdown conditions, where access to the containment can be gained and repair effected.
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Active failure - The failure of a powered component, such as a piece of mechanical
equipment, component of the electrical supply system, or instrumentation and control equipment,
to act on command to perform its design function. Examples include the failure of a
motor-operated valve to move to its correct position; the failure of an electrical breaker or relay to
respond; the failure of a pump, fan, or diesel generator to start; etc.

Equipment moving spuriously from the proper safeguards position without signal, such as a
motor-operated valve inadvertently shutting at the moment it is required, is not considered
credible.

Passive failure - The structural failure of a static component that limits the component’s
effectiveness in carrying out its design function. When applied to a fluid system, this means a
break in the pressure boundary resulting in abnormal leakage not exceeding 50 gpm for
30 minutes. Such leak rates are consistent with limited cracks in pipes, sprung flanges,
valve-packing leaks, or pump seal failures.

The single-failure criterion applies to the following safety-related fluid systems:

The reactor trip system, discussed in Section 7.2, is designed to meet the single-failure
criterion in conformance with IEEE Std. 279-1971. An exception to the IEEE Std. 279-1971
design criteria is justified in Section 7.2.2.3.5.

North Anna Power Station, Units 1 and 2, was issued construction permit nos. CPPR-77
and CPPR-78 dated February 1971, based on the station design being in conformance with the
General Design Criteria for Nuclear Power Plants, published in 1966. However, to facilitate
review by the AEC, the following section discusses the design of the station relative to the new
design criteria published in 1971. Following the text of each criterion is a brief discussion specific
to that criterion.

Compliance with Safety Guides is discussed in Appendix 3A.

3.1.1 Quality Standards and Records, Criterion 1

3.1.1.1 AEC Criterion

Structures, systems, and components important to safety shall be designed, fabricated,
erected, and tested to quality standards commensurate with the importance of the safety functions

System Related General Design Criteria

Emergency core cooling system GDC-35

Containment depressurization system GDC-38

Service water system GDC-44
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to be performed. Where generally recognized codes and standards are used, they shall be
identified and evaluated to determine their applicability, accuracy, and sufficiency, and shall be
supplemented or modified as necessary to ensure a quality product in keeping with the required
safety function. A quality assurance program shall be established and implemented in order to
provide adequate assurance that these structures, systems, and components will satisfactorily
perform their safety functions. Appropriate records of the design, fabrication, erection, and testing
of structures, systems, and components important to safety shall be maintained by or under the
control of the nuclear power unit licensee throughout the life of the unit.

3.1.1.2 Discussion

Structures, systems, and components important to safety are designed, fabricated, erected,
and tested to quality standards commensurate with the importance of the safety functions to be
performed. The codes and standards for the design, fabrication, erection, and testing of
safety-related structures, systems, and components are identified in Chapters 1, 3, 4, 5, 6, 7, 8,
and 9. The quality assurance program established and implemented to provide adequate assurance
that these structures, systems, and components will satisfactorily perform their safety functions is
described in Chapter 17. Design control activities ensure that the codes and standards are
adequate and applicable, so that the performance and safety functions can be achieved.
Appropriate records of the design, fabrication, erection, and testing of these structures, systems,
and components are maintained by Vepco as described in Chapter 17.

The reference sections are:

Section Title Chapter

Introduction and General Description of 
Plant

1

Design Criteria - Structures, Components, 
Equipment, and Systems

3

Reactor 4

Reactor Coolant System 5

Engineered Safety Features 6

Instrumentation and Controls 7

Electric Power 8

Auxiliary Systems 9

Quality Assurance 17
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3.1.2 Design Bases for Protection Against Natural Phenomena, Criterion 2

3.1.2.1 AEC Criterion

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

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

2. Appropriate combinations of the effects of normal and accident conditions with the effects of
the natural phenomena.

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

3.1.2.2 Discussion

The station structures, systems, and components important to safety have been designed to
withstand the effects of natural phenomena such as earthquakes, tornadoes, hurricanes, seiches,
and floods, as described in Chapters 2 and 3. Tsunami are not applicable to the North Anna site.
Appropriate considerations have been made in the design basis for the most severe natural
phenomena that have been historically reported for the site and surrounding area, including a
margin of error for the accuracy of such reporting and the relatively short period over which data
has accumulated. The combined phenomena have been included as described in this chapter. The
importance of the safety functions to be performed has been considered in developing the design
basis for structures, systems, and components important to safety.

The reference sections are:

Section Title Chapter

Site Characteristics 2

Design Criteria - Structures, Components, 
Equipment, and Systems

3

Reactor 4

Reactor Coolant System 5

Engineered Safety Features 6

Instrumentation and Controls 7

Electric Power 8

Auxiliary Systems 9
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3.1.3 Fire Protection, Criterion 3

3.1.3.1 AEC Criterion

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

3.1.3.2 Discussion

Facilities are designed to minimize the probability and effect of fires and explosions.

Structures are of fire-resistant construction, and equipment is designed to minimize fire
hazards. Fire detection and protection systems are described in Section 9.5.1.

The reactor containment design minimizes the use of combustible materials. Atmospheric
conditions within the containment are not of an explosive nature. A fire detection system is
provided at the base of the reactor coolant pump volutes to detect possible oil fires.

The control room is of fire-resistant construction, isolated from surrounding areas by heavy
concrete shielding. The control room atmosphere is not explosive. Fire protection is described in
Section 9.5.1.

Waste hydrogen gas from the reactor coolant system is diluted to a concentration below its
lower flammability limit when it is discharged through the process vent. Potentially hazardous
systems processing hydrogen-oxygen mixtures conform to the National Electrical Code for areas
of Class I, Division 2, Group B.

The fire protection system is designed so that a failure of any component will not cause a
nuclear accident or significantly impair the capability of safety-related structures, systems, and
components.
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The reference sections are:

3.1.4 Environmental and Missile Design Bases, Criterion 4

3.1.4.1 AEC Criterion

Structures, systems, and components important to safety shall be designed to accommodate
the effects of and to be compatible with the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents, including LOCAs. These structures,
systems, and components shall be appropriately protected against dynamic effects, including the
effects of missiles, pipe whipping, and discharging fluids, that may result from equipment failures
and from events and conditions outside the nuclear power unit.

The General Design Criteria 4 (GDC-4) has undergone significant changes. The revised
GDC-4 (References 14 and 15) approved the use of leak-before-break technology for eliminating
the dynamic effects of postulated pipe ruptures in high energy piping including primary coolant
piping from the design basis of PWR’s. Implementation of the revised rule permits the removal of
pipe whip restraints, jet impingement barriers, and other related changes. The rule clearly allows
removal of plant hardware which it is believed negatively affects plant performance and safety.
However, as stated in the Federal Register/Vol. 15, No. 70/ of April 11, 1986, and subsequently in
broad scope rule in the Federal Register/Vol. 52, No. 207/ of October 27, 1987, containment
design, emergency core cooling, and environmental qualification requirements are not influenced
by the revised rule.

3.1.4.2 Discussion

The arrangement and design of the structures, systems, and components for the ESF
systems provide protection against dynamic effects of both interior and exterior missiles, of jet
impingement, and of pipe rupture, as described in this chapter.

Wherever possible, ESF systems piping and valves, except root valves and their connections
to the reactor coolant piping, have been run inside the columns supporting the crane wall below
the steam generator and pressurizer cubicles, or in the annulus outside of the crane wall. Since this
space is completely outside of the area occupied by the reactor coolant system, the ESF

Section Title Chapter

Reactor 4

Reactor Coolant System 5

Engineered Safety Features 6

Auxiliary Systems 9

Radioactive Waste Management 11
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equipment and piping loops are protected from the effects of a LOCA. Inside the individual
cubicles, protection is by separation and/or restraint of individual lines wherever possible.

Layout and structural design specifically protects the injection lines leading to unbroken
reactor coolant loops against damage as a result of the maximum reactor coolant system pipe
rupture. Separation of individual injection lines is provided to the maximum extent practicable.
Movement of injection lines associated with the rupture of a reactor coolant loop is
accommodated by line flexibility and by design of the pipe supports, so that no damage beyond
the missile barrier is credible.

Instrumentation, motors, cables, and penetrations located inside the containment are
selected to meet the most adverse accident conditions to which they may be subjected. These
items are either protected from containment accident conditions or are designed to withstand,
without failure, exposure to the worst combination of temperature, pressure, humidity, and
radiation expected during the required operational period. This qualification was substantiated by
appropriate testing of the actual equipment or prototypes where practicable.

The reference sections are:

3.1.5 Sharing of Structures, Systems, and Components, Criterion 5

3.1.5.1 AEC Criterion

Structures, systems, and components important to safety shall not be shared between
nuclear power units unless it is shown that such sharing will not significantly impair their ability
to perform their safety functions including, in the event of an accident in one unit, an orderly
shutdown and cooldown of the remaining units.

3.1.5.2 Discussion

Structures, systems, and components that are shared between units are tabulated in
Section 1.2.11, with references to sections containing specific design details.

Safety functions are not significantly impaired by the sharing of these structures, systems,
and components.

Section Title Chapter

Design Criteria - Structures, Components, 
Equipment, and Systems

3

Reactor Coolant System 5

Engineered Safety Features 6

Instrumentation and Controls 7
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The reference section is:

3.1.6 Reactor Design, Criterion 10

3.1.6.1 AEC Criterion

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

3.1.6.2 Discussion

The reactor core and associated coolant, control, and protective systems are designed to
function throughout the core’s design lifetime without exceeding acceptable fuel damage limits.
The core design, together with reliable process and decay heat removal systems, provides for this
capability under all expected conditions of normal operation with appropriate margins for
uncertainties and anticipated transient situations, including the effects of the loss of reactor
coolant flow, trip of the turbine generator, loss of normal feedwater, and loss of all offsite power.

The reactor control and protection instrumentation system is designed to actuate a reactor
trip for any anticipated combination of plant conditions when necessary to ensure a minimum
DNBR greater than the limit value and fuel center temperatures below the melting point of UO2.

Chapter 4 discusses the design bases and design evaluation of reactor components including
the fuel, reactor vessel internals, and reactivity control systems. Details of the control and
protection systems instrumentation design and logic are discussed in Chapter 7. This information
supports the accident analyses of Chapter 15 showing that acceptable fuel design limits are not
exceeded.

3.1.7 Reactor Inherent Protection, Criterion 11

3.1.7.1 AEC Criterion

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

3.1.7.2 Discussion

Prompt compensatory reactivity feedback effects are ensured when the reactor is critical by
the negative fuel temperature effect (Doppler effect) and by the nonpositive operational limit on

Section Title Chapter

Introduction and General Description of 
Plant

1
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moderator temperature coefficient of reactivity. The negative Doppler coefficient of reactivity is
ensured by the use of low-enrichment fuel; the nonpositive moderator temperature coefficient of
reactivity is ensured by administratively limiting the dissolved absorber concentration.

The core inherent reactivity feedback characteristics are described in Section 4.3, Nuclear
Design. Reactivity control by chemical injection is discussed in Section 4.2.3, Reactivity Control
System, and Section 9.3.4, Chemical and Volume Control System. The Technical Requirements
Manual defines allowable absorber concentrations.

3.1.8 Suppression of Reactor Power Oscillations, Criterion 12

3.1.8.1 AEC Criterion

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

3.1.8.2 Discussion

Power oscillations of the fundamental mode are inherently eliminated by the negative
Doppler and nonpositive moderator temperature coefficient of reactivity.

Oscillations due to xenon spatial effects, in the radial, diametral, and azimuthal overtone
modes, are heavily damped due to the inherent design and to the negative Doppler and nonpositive
moderator temperature coefficient of reactivity.

Oscillations due to xenon spatial effects may occur in the axial first overtone mode.
Assurance that fuel design limits are not exceeded by xenon-induced axial oscillations is provided
by reactor trip functions using the measured axial power imbalance as an input.

The stability of the core against xenon-induced power oscillations and the functional
requirements of instrumentation for monitoring and measuring core power distribution are
discussed in Section 4.3, Nuclear Design. Details of the instrumentation design and logic are
discussed in Chapter 7.

3.1.9 Instrumentation and Control, Criterion 13

3.1.9.1 AEC Criterion

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

Instrumentation and control systems are provided in the North Anna Power Station to
monitor and maintain plant variables, including those variables that affect the fission process,
integrity of the reactor core, the reactor coolant pressure boundary, and the containment over their
prescribed ranges for normal operation, for anticipated operational occurrences, and under
accident conditions.

The following processes are controlled to maintain key variables within their normal ranges:

1. Reactor power level (manual or automatic, by controlling thermal load).

2. Reactor coolant temperature (manual or automatic, by rod control cluster assembly motion,
in sequential groups).

3. Reactor coolant pressure (manual or automatic, by heaters and spray in the pressurizer).

4. Reactor coolant water inventory, as indicated by the water level in the pressurizer (manual or
automatic, by charging flow).

5. Reactor coolant system boron concentration (manual or automatic, by makeup of charging
flow).

6. Steam generator inventory on secondary side (manual or automatic, by feedwater control
valves).

7. Containment pressure (manual, by use of containment vacuum system).

The reactor control system is designed to maintain automatically a programmed average
temperature in the reactor coolant during steady-state operation, and to ensure that plant
conditions do not reach reactor trip settings as the result of a transient caused by a load change.
Overall reactivity control is achieved by the combination of soluble boron and rod cluster control
assemblies. Long-term regulation of core reactivity is accomplished by adjusting the
concentration of boric acid in the reactor coolant. Short-term reactivity control for power changes
is achieved by the reactor control system, which automatically moves rod cluster control
assemblies. This system uses neutron flux, coolant temperature, and turbine load input signals.
The pressurizer pressure control system limits pressure excursions that might otherwise cause
reactor trip, changes in reactivity, and actuation of the relief valves.

A wide spectrum of measurements is displayed for operator information and/or is processed
to provide alarms. These measurements provide notification and allow correction of conditions
having the potential of leading to accident conditions. Typical indication (or alarm) measurements
are rod position, rod deviation, insertion limit, rod bottom, rod control system failure, rod control
system urgent failure, incore flux and temperature, protection system faults, and protection system
test mode. Reactor coolant system pressure and pressurizer level are monitored to ensure that the
reactor coolant system pressure is maintained within design and operating limits. Containment
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pressure is monitored and alarmed to enable the operator to operate the containment vacuum
system as needed to maintain the design operating pressure inside the containment. In addition,
instrumentation monitoring containment pressure, pressurizer pressure level, steam flow and
pressure, and steam-line differential pressure provide automatic ESF actuation on sensing
accident conditions.

The instrumentation and control systems are discussed in Chapter 7.

3.1.10 Reactor Coolant Pressure Boundary, Criterion 14

3.1.10.1 AEC Criterion

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

3.1.10.2 Discussion

The reactor coolant pressure boundary is designed to accommodate the system pressures
and temperatures attained under all expected modes of plant operation including all anticipated
transients, without exceeding the applicable stress limits. The design criteria, methods, and
procedures applied to components of the reactor coolant pressure boundary are discussed in
Section 5.2.1. Reactor coolant pressure boundary materials selection and fabrication techniques
ensure a low probability of gross rupture or significant leakage.

In addition to the loads imposed on the system under normal operating conditions,
consideration was also given to abnormal loading conditions such as pipe rupture and seismic
disturbance, as discussed in Sections 3.6 and 3.7, respectively. Fracture prevention measures
prevent brittle fracture. Refer to the discussion under Criterion 31 in Section 3.1.27 for additional
information.

The system is protected from overpressure by the pressurizer high-pressure reactor trip
(Section 7.2) and by pressure-relieving devices (Section 5.2.2).

The reactor coolant pressure boundary materials are protected by control of coolant
chemistry from corrosion, which might otherwise reduce the system’s structural integrity during
its service lifetime.

The pressure boundary has provisions for inspection, testing, and surveillance of critical
areas to assess its structural and leaktight integrity. The reactor coolant pressure boundary leakage
detection systems and inservice inspection program are discussed in Sections 5.2.4 and 5.2.5,
respectively.
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3.1.11 Reactor Coolant System Design, Criterion 15

3.1.11.1 AEC Criterion

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

3.1.11.2 Discussion

The reactor coolant system and associated auxiliary, control, and protection systems are
designed to ensure the integrity of the reactor coolant pressure boundary with adequate margins
during normal operation and during anticipated operational transients. The system boundary
accommodates loads due to the operating-basis earthquake during normal operation, including
normal operational transients, within upset condition code stress limits. The system boundary
accommodates loads due to the design-basis earthquake combined with loads due to piping
failures, such as circumferential pipe ruptures of reactor coolant pipes at junctures with equipment
nozzles, and connecting pipes at junctures to reactor coolant piping, without propagation of
failure to remaining reactor coolant system loops, steam power conversion system, or other piping
or equipment needed for emergency cooling. The components of the reactor coolant system and
associated fluid systems are designed in accordance with appropriate ASME codes. These codes
are identified in Chapter 5. The protection system is designed in accordance with IEEE
Std. 279-1971. The protection system analyses are given in Section 7.2.2. An exception to the
IEEE Std. 279-1971 design criteria is justified in Section 7.2.2.3.5.

The selected design margins include operating transient changes due to thermal lag, coolant
transport times, pressure drops, system relief valve characteristics, and instrumentation and
control response characteristics.

3.1.12 Containment Design, Criterion 16

3.1.12.1 AEC Criterion

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

3.1.12.2 Discussion

A reinforced-concrete, steel-lined containment structure, operating at a subatmospheric
pressure, encloses the entire reactor coolant system. It is designed to sustain, without loss of
required integrity, all effects of gross equipment failures up to and including the rupture of the
largest pipe in the reactor coolant system. Engineered safety features, comprising safety injection
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systems and containment depressurization systems, cool the reactor core and return the
containment to subatmospheric pressure, thus terminating the driving force for the release of
radioactivity, and maintain the containment at subatmospheric pressure for as long as the situation
requires. The containment and its associated engineered safety features, therefore, meet the
required functional capability of protecting the public from the consequences of gross equipment
failures.

The system is discussed in Chapter 6.

3.1.13 Electric Power Systems, Criterion 17

3.1.13.1 AEC Criterion

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

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

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

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

3.1.13.2 Discussion

Onsite and offsite power systems are provided that can independently supply the electric
power required for the operation of safety-related systems. This capability is maintained even
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with the failure of any single active component in either the onsite or offsite system. In the
unlikely event of total loss of offsite power, the emergency buses are energized by the emergency
diesel generators. Four diesel generators are available for two units. Two diesels are assigned to
Unit No. 1 and two are assigned to Unit No. 2. There are two redundant buses in each unit serving
engineered safety features; these buses ensure operation of minimum ESF equipment under all
conditions, including a failure of a single component in the onsite power system. The system is
described in Chapter 8.

3.1.14 Inspection and Testing of Electric Power Systems, Criterion 18

3.1.14.1 AEC Criterion

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

3.1.14.2 Discussion

The redundant electric power systems important to plant safety are continuously monitored
and energized during normal plant operation from redundant offsite power sources. Redundant
onsite diesel generators provide automatic backup power sources.

Periodic tests of the automatic operation of the transfer system are made to ensure that
station auxiliary power is supplied automatically when an offsite power source is out of service.
Periodic starting and loading of each emergency generator, and its emergency bus, ensures
operability of the emergency generator and the automatic sequence of activating the emergency
power supply in the event of loss of electrical power.

The condition of the station batteries is periodically monitored by checking and recording
battery specific gravity and voltage. The system is described in Chapter 8.

3.1.15 Control Room, Criterion 19

3.1.15.1 AEC Criterion

A control room shall be provided from which actions can be taken to operate the nuclear
power unit safely under normal conditions and to maintain it in a safe condition under accident
conditions, including LOCAs. Adequate radiation protection shall be provided to permit access
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and occupancy of the control room under accident conditions without personnel receiving
radiation exposures in excess of 5 rem TEDE for the duration of the accident.

Equipment at appropriate locations outside the control room shall be provided (1) with a
design capability for prompt hot shutdown of the reactor, including necessary instrumentation and
controls to maintain the unit in a safe condition during hot shutdown, and (2) with a potential
capability for subsequent cold shutdown of the reactor through the use of suitable procedures.

3.1.15.2 Discussion

A control room, located at grade level in the service building, contains the main control
board and all controls and instrumentation necessary for safe operation of the units during normal
and accident conditions, including LOCAs. All safety-related switchgear, auxiliary shutdown
control panels, and battery rooms and communications equipment are located in the service
building below the control room. Emergency air-conditioning equipment is provided within the
envelope of the control room and associated portions of the basement. The control room also
includes various auxiliary control panels, such as the switchyard control panel, electrical
recording panels, fire protection panel, control panels for operation of the emergency
diesel-generator system, and computer consoles.

The control panels contain those instruments and controls necessary for operation of the
station functions, such as the reactor and its auxiliary systems, turbine generator, and the steam
and power conversion systems.

In the event that access to the control room is restricted, the reactors can be maintained in a
hot-shutdown condition at the auxiliary shutdown control panels, located outside the control room
but within the protected envelope.

Sufficient shielding, distance, and structural integrity ensure that control room personnel
will not receive radiation exposures in excess of 5 rem TEDE for the duration of an accident.

Makeup air for emergency conditions is available from a compressed air bank and, upon
exhaustion, from emergency ventilating units supplying air through HEPA and charcoal filters to
remove particulates and iodine, respectively.
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The reference sections are:

3.1.16 Protection System Functions, Criterion 20

3.1.16.1 AEC Criterion

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

3.1.16.2 Discussion

The North Anna Power Station operational limits for the reactor protection system are
defined by analyses of plant operating and fault conditions requiring rapid rod insertion to prevent
or limit core damage. With respect to acceptable fuel design limits, the system design bases for
anticipated operational occurrences are:

1. Minimum departure from nucleate boiling ratio (DNBR) shall not be less than the limit
value.

2. Clad strain on the fuel element shall not exceed 1%.

3. No centerline melt shall occur in the fuel elements.

A region of permissible core operation is defined in terms of power, axial power
distribution, and coolant flow and temperature. The protection system monitors these process
variables (as well as other process variables and plant conditions). If the region limits are
approached during operation, the protection system will automatically actuate alarms, initiate
load cutback, prevent control rod withdrawal, or trip the reactor, depending on the severity of the
condition.

Operation within the permissible region and complete core protection is ensured by the
overtemperature delta T and overpower delta T reactor trips in the system pressure range defined
by the pressurizer high-pressure and pressurizer low-pressure reactor trips, in the event of a
transient that is slow with respect to piping delays from the core to the temperature sensors. In the
event that a transient faster than the delta T response occurs, high-nuclear flux and low coolant

Section Title Chapter

Instrumentation and Controls 7

Auxiliary Systems 9

Radiation Protection 12

Control Room Habitability Section 6.4
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flow reactor trips provide core protection. Finally, thermal transients are anticipated and avoided
by reactor trips initiated by turbine trip and primary coolant pump circuit breaker position.

The protection system operates by interrupting power to the rod control power supply. All
control and shutdown rods insert by gravity as a result. The Westinghouse protection system
design meets the requirements of IEEE Std. 279-1971, Criteria for Protective Systems for Nuclear
Power Generating Stations. An exception to the design criteria of IEEE Std. 279-1971 is justified
in Section 7.2.2.3.5.

The protection system measures a wide spectrum of process variables and plant conditions.
All analog channels that actuate reactor trip, rod stop, and permissive functions are indicated or
recorded. In addition, visual and/or audible alarms are actuated for reactor trip; partial reactor trip,
any input channel; and any control variable exceeding its setpoint on any input channel. These
measurements and indications provide the bases for corrective action to prevent the development
of accident conditions. In the event of an accident condition, however, the reactor protection
system will sense the condition, process the signals used for ESF actuation, and generate the
actuation demand. The conditions leading to ESF actuation are:

1. Low-low pressurizer pressure.

2. High steam-line pressure differential between any two steam generators.

3. High steam-line flow in two out of three steam lines, coincident with either low steam-line
pressure or low-low Tavg in two out of three loops.

4. High containment pressure.

The reactor trip system is discussed in Section 7.2, the safety injection actuation in
Section 7.3.1.3.3, and the engineered safety features in Chapter 6.

3.1.17 Protection System Reliability and Testability, Criterion 21

3.1.17.1 AEC Criterion

The protection system shall be designed for high functional reliability and inservice
testability commensurate with the safety functions to be performed. Redundancy and
independence designed into the protection system shall be sufficient to ensure that (1) no single
failure results in loss of the protection function, and (2) removal from service of any component
or channel does not result in loss of the required minimum redundancy unless the acceptable
reliability of operation of the protection system can be otherwise demonstrated. The protection
system shall be designed to permit periodic testing of its functioning when the reactor is in
operation, including a capability to test channels independently to determine failures and losses of
redundancy that may have occurred.
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3.1.17.2 Discussion

The North Anna Power Station protection system is designed for high functional reliability
and inservice testability commensurate with the safety functions to be performed.

The system consists of a large number of input measurement channels, redundant logic
trains, redundant reactor trip breakers, and redundant ESF actuation devices. It performs both
indication and alarm functions, in addition to its reactor trip and ESF actuation functions. The
design meets the requirements of IEEE Std. 279-1971, Criteria for Nuclear Power Generating
Station Protection Systems. An exception to the design criteria of IEEE Std. 279-1971 is justified
in Section 7.2.2.3.5. The redundant logic trains, reactor trip breakers, and safety features actuation
relays are electrically isolated and physically separated. Further, physical separation of the
channels is maintained within the separated trains. Either of the two logic trains will perform the
protection function. All channels used in power operation are sufficiently redundant that
individual testing and calibration can be performed with the reactor at power, without degradation
of the protection function or violation of the single-failure criterion. Such testing will disclose
failures or reduction in redundancy that may have occurred. Removal from service of any single
channel or component does not result in loss of minimum required redundancy. For example, a
two-of-three function is placed in one-of-two mode when one channel is removed.

Semiautomatic testers are built into each of the two logic trains. These testers have the
capability of testing the major part of the protection system very rapidly with the reactor at power.
Between tests, the testers continuously monitor a number of internal protection system points
including train power supply voltages and fuses. The outputs of these monitor circuits are
processed by logic devices to provide an alarm in the event of a single failure in either train and an
automatic reactor trip in the event of one or more failures in both trains. Self-testing provisions are
designed into each tester.

The protection system is discussed in Sections 7.2 and 7.3.

3.1.18 Protection System Independence, Criterion 22

3.1.18.1 AEC Criterion

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

The North Anna Power Station protection system has been designed to provide sufficient
resistance to a broad class of accident conditions or postulated events.

The defenses against loss of the protection function through the effects of natural
phenomena such as tornado, flood, earthquake, and fire are physical separation and electrical
isolation of redundant channels and subsystems, functional diversity of subsystems, and safe
(direction of reactor trip) component and subsystem failure modes. These defenses have been
used in the design of the reactor protection system. The redundant logic trains, reactor trip
breakers, and safety features actuation devices are physically separated and electrically isolated.
Physically separate channel cable trays, conduit, and penetrations are maintained upstream from
the logical elements of each train. Functional diversity is designed into the system. For example,
the loss of one feedwater pump could actuate pressurizer high pressure, pressurizer high level,
steam generator low level, overpower delta T and ovetemperature delta T, and low feedwater flow
trips. The system logic is designed so that, with the exception of the reactor coolant pump
interlock trips and the safety features actuation devices, a zero input represents a trip demand.
Hence severed or shorted channel wiring, loss of power, and the majority of channel component
failures are seen by the system as trip demands.

The factors associated with normal operation are temperature, humidity, dust or dirt, and
vibration. The protection system is tested and qualified under environmental conditions in excess
of the extreme normal ranges. The recommended test and maintenance procedures are adequate
against simultaneous multiple failures due to wear, dust, or dirt. Further, protection of the
equipment from dust or other contaminants is afforded by the cabinets in which the equipment is
installed.

The possibility of loss of the protection function through improper or incorrect maintenance
is minimized by a number of factors. Among these are administrative controls, maintenance
records, functional diversity (a temperature channel and a flux channel are not likely to be
miscalibrated in the same direction, for example), and a comprehensive indication, alarm, and
status system.

Loss of the protection function through improper testing or failure of the test equipment is
guarded against by interlocks that enable the testing of only one of the two trains at a time, bypass
trip breakers to maintain the protection function during test, annunciation of the test mode,
unambiguous tester readout, and the indication, alarm, and status systems.

The protection system has been quantitatively evaluated with respect to functional diversity
and qualitatively evaluated with respect to common mode susceptibility. These studies indicate
that the system is designed to have a very high probability of performing its function in any
postulated occurrence.
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The reactor protection system and the ESF actuation system are discussed in Sections 7.2
and 7.3, respectively.

3.1.19 Protection System Failure Modes, Criterion 23

3.1.19.1 AEC Criterion

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

3.1.19.2 Discussion

The North Anna Power Station system is designed with due consideration of the most
probable failure modes of the components under various perturbations of energy sources and the
environment.

Each reactor trip channel is designed on the de-energize-to-trip principle, so that a loss of
power or disconnection or shorting of a channel causes that channel to go into its tripped mode.
Likewise, loss of voltage to either of the two protection system output devices will trip the reactor.
In addition, 15 internal points in each train are continuously monitored by the semiautomatic
testers. Faults involving one logic train are annunciated; faults involving both trains automatically
trip the reactor, even though such faults would not necessarily defeat the trip function. All control
and shutdown rods will insert by gravity if the rod power supply is lost.

There are certain additional trips which provide input into the reactor trip channel which are
designed on the energize to operate principle. These inputs are related to anticipatory trips and
their operation or failure to operate does not adversely affect the ability of the de-energize-to-trip
protection to function. These anticipatory trips are not considered to function in the bases for the
safety analyses.

The protection system components have been tested and qualified for the extremes of the
normal environment to which they are subjected. In addition, components are tested and qualified
according to individual requirements for the adverse environment, specific to their location, that
might result from postulated accident conditions.

In the event of a loss of the offsite power, onsite diesel generators provide power to
emergency loads. Station batteries are provided to power the vital instrumentation loads. The
diesels are capable of supplying the power required to operate engineered safeguards pumps and
associated valves. A loss of power to one train of emergency core cooling equipment will not
affect the ability of the other train to perform its function. Loss of power or control air to the
containment isolation valves results in closure of the valves.
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The rod control system, containment isolation system, reactor trip system, and ESF
actuation systems are discussed in Sections 4.2.3, 6.2.4, 7.2, and 7.3, respectively.

3.1.20 Separation of Protection and Control Systems, Criterion 24

3.1.20.1 AEC Criterion

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

3.1.20.2 Discussion

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

Most functions performed by the reactor protection and the reactor control systems require
the same process information. The design philosophy for these systems is to make maximum use
of a wide spectrum of diverse and redundant process measurements. The protection system is
separate and distinct from the control system. The control system is dependent on the protection
system in that control input signals are derived from protection system measurements where
applicable. These control signals are transferred to the control system by isolation amplifiers
which are classified protection system components. No credible failure at the output of an
isolation amplifier will prevent the corresponding protection channel from performing its
protection function. Such failures include short circuits, open circuits, grounds, and the
application of the maximum credible ac and dc voltages. The adequacy of system isolation has
been verified by testing under these fault conditions. The design meets all requirements of IEEE
Std. 279-1971, Criteria for Protection Systems for Nuclear Power Generating Stations. An
exception to the design criteria of IEEE Std. 279-1971 is justified in Section 7.2.2.3.5.

The reactor protection system and the control systems are discussed in Sections 7.2 and 7.7,
respectively.
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3.1.21 Protection System Requirements for Reactivity Control Malfunctions, Criterion 25

3.1.21.1 AEC Criterion

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

3.1.21.2 Discussion

The protection system design ensures that acceptable fuel design limits are not exceeded in
the event of single reactivity control malfunctions including accidental withdrawal of control
cluster groups. Analyses of these accidents are given in Chapter 15.

Reactor shutdown with control rods is completely independent of the control functions. The
trip breakers will interrupt power to the rod drive mechanisms to trip the reactor regardless of the
status of existing control function signals.

The reactor control system provides visual displays of the rod control cluster assembly
positions and actuates an alarm should deviation of rods occur within their groups.

Additional information is given by the response to Criterion 10. The reactivity control
systems are discussed in Section 4.2.3, the protection system is discussed in Section 7.2, and the
electrical control systems are discussed in Section 7.7.

3.1.22 Reactivity Control System Redundancy and Capability, Criterion 26

3.1.22.1 AEC Criterion

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

3.1.22.2 Discussion

Two independent reactivity control systems of different design principles are provided in
the North Anna Power Station. One of the systems uses control rods; the second system uses
dissolved boron (chemical shim).
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Two functional categories of rods are used, full-length shutdown and full-length control.
During operation the shutdown rod banks are fully withdrawn. The control rod system
automatically maintains a programmed average reactor temperature compensating for reactivity
effects associated with scheduled and transient load changes.

The shutdown rod banks, along with the control banks, are designed to shut down the
reactor with adequate margin under conditions of normal operation and anticipated operational
occurrences, thereby ensuring that specified fuel design limits are not exceeded. The most
restrictive period in core life is assumed in all analyses, and the most reactive rod cluster is
assumed to stick in the out-of-core position. The reactor protection system initiates reactor trip by
interrupting power to the rod control power supply. This releases the magnetic latches, and the
control and shutdown rods insert by gravity.

The boron system is capable of controlling the rate of reactivity change resulting from
planned normal power changes, including xenon burnout, to ensure that fuel design limits are not
exceeded. This system is capable of maintaining the reactor core subcritical under cold conditions
with all rods withdrawn. The control rod system and boron system are discussed in Sections 4.2.3
and 9.3.4.

3.1.23 Combined Reactivity Control Systems Capability, Criterion 27

3.1.23.1 AEC Criterion

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

3.1.23.2 Discussion

The North Anna Power Station reliability controls reactivity changes to ensure applicable
accident analyses acceptance criteria are met with appropriate allowances for uncertainties.
Combined use of rod cluster control and chemical shim control permits the necessary shutdown
margin to be maintained during long-term xenon decay and plant cooldown. The single
highest-worth control cluster is assumed stuck in its fully withdrawn position in postulated
accident analyses. These controls are discussed in detail in Sections 4.2.3 and 9.3.4.

Under accident conditions, when the emergency core cooling system is actuated,
concentrated boric acid is injected into the reactor coolant system. Reactivity effects of
emergency core cooling are discussed in Section 6.3 and evaluated for accident conditions in
Chapter 15.
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3.1.24 Reactivity Limits, Criterion 28

3.1.24.1 AEC Criterion

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

3.1.24.2 Discussion

In the North Anna Power Station, core reactivity is controlled by a chemical poison
dissolved in the coolant, rod cluster control assemblies, and burnable poison rods. The maximum
reactivity insertion rates due to withdrawal of a bank of rod cluster control assemblies or by boron
dilution are limited. These limits are set such that peak heat generation rate and DNBR do not
exceed the allowable limits at overpower conditions. The maximum worth of control rods and the
maximum rates of reactivity insertion using control rods are limited to values that prevent rupture
of the coolant pressure boundary or disruption of the core internals to a degree that would impair
core cooling capacity. The reactor can be brought to the shutdown condition, and the core will
maintain acceptable heat transfer geometry following postulated accidents such as rod ejection,
steam-line break, etc.

The reactivity control systems are discussed in Sections 4.2.3 and 4.3.

3.1.25 Protection Against Anticipated Operational Occurrences, Criterion 29

3.1.25.1 AEC Criterion

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

3.1.25.2 Discussion

The North Anna Power Station protection and reactivity control systems are designed to
ensure an extremely high probability that they will perform their required safety functions in the
event of anticipated operational occurrences. Redundancy, functional and locative diversity,
testability, use of safe failure modes, and analyses are design measures that are used to ensure
performance of the required safety functions. Detailed probabilistic analyses of the systems verify
this high reliability. The protection system is further discussed under Criteria 20 through 25 and in
Section 7.2. The reactivity control systems are discussed in Sections 4.2.3 and 7.7.
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3.1.26 Quality of Reactor Coolant Pressure Boundary, Criterion 30

3.1.26.1 AEC Criterion

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

3.1.26.2 Discussion

Reactor coolant pressure boundary components are designed, fabricated, inspected, and
tested in conformance with applicable design and construction codes. The design bases and
evaluations of reactor coolant pressure boundary components, including code applicability, are
discussed in Section 5.2.

Major components are classified as Seismic Class I and are accorded the quality measures
appropriate to this classification.

Leakage is detected by an increase in the amount of makeup water required to maintain a
normal level in the pressurizer. The reactor vessel closure joint is provided with a
temperature-monitored leakoff between double gaskets. Leakage inside the reactor containment is
drained to the containment sump where it is monitored.

Leakage is also detected by measuring the airborne activity of the containment atmosphere
and by monitoring the containment pressure. Monitoring the inventory of reactor coolant in the
system at the pressurizer, volume control tank, and primary drain transfer tank makes available an
indication of integrated leakage.

The reactor coolant pressure boundary leakage detection system is discussed in
Section 5.2.4.

3.1.27 Fracture Prevention of Reactor Coolant Pressure Boundary, Criterion 31

3.1.27.1 AEC Criterion

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

Close control is maintained over material selection and fabrication for the reactor coolant
system to ensure that the boundary behaves in a nonbrittle manner. Reactor coolant system
materials exposed to the coolant are corrosion-resistant stainless steel or Inconel. The nil ductility
transition (NDT) temperature of reactor vessel material samples are established by Charpy
V-notch and drop weight tests. The materials testing is consistent with Appendices G and H to
10 CFR 50. These tests ensure the selection of materials with proper toughness properties and
margins and verify as well the integrity of the reactor coolant pressure boundary.

As part of the reactor vessel specification, certain tests in addition to those specified by the
applicable ASME codes are performed. These tests are:

1. Ultrasonic testing - In addition to code requirements, the performance of a 100% ultrasonic
test of reactor vessel plate for shear wave, and a posthydrotest ultrasonic map of all welds in
the pressure vessel is required. Cladding bond ultrasonic inspection to more restrictive
requirements than code is also required to preclude interpretation problems during inservice
inspection.

2. Radiation surveillance program - In the surveillance programs, the evaluation of the radiation
damage is based on preirradiation and postirradiation testing of Charpy V-notch and tensile
specimens. These programs monitor the effect of radiation on the fracture toughness of
reactor vessel steels on the basis of the transition temperature approach and the fracture
mechanics approach, and are in accord with ASTM-E-185 recommended practice for
surveillance tests for nuclear reactor vessels.

The fabrication and quality control techniques used in the fabrication of the reactor coolant
system are equivalent to those used for the reactor vessel. The inspections of reactor vessel,
pressurizer, piping, pumps, and steam generator are governed by ASME Code and ANSI B31.7
requirements. See Section 5.2 for details.

The heatup and cooldown rates as well as the static loading stresses during plant life are
determined by using conservative values for the change in ductility transition temperature due to
irradiation.

Details of the various aspects of the design and testing processes are included in Chapter 5.

3.1.28 Inspection of Reactor Coolant Pressure Boundary, Criterion 32

3.1.28.1 AEC Criterion

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

The design of the reactor vessel and its arrangement in the system provide accessibility
during service life to the entire internal surfaces of the vessel and certain external zones of the
vessel, including the nozzle to reactor coolant piping welds and the top and bottom heads. The
reactor arrangement within the containment provides sufficient space for inspection of the
external surfaces of the reactor coolant piping, except for the area of pipe within the primary
shielding concrete. The inspection capability complements the leakage detection systems in
assessing the pressure boundary integrity.

Monitoring of the NDT temperature properties of the core region plates forging, weldments,
and associated heat-treated zones is performed in accordance with ASTM-E-185, Recommended
Practice for Surveillance Tests on Structural Materials in Nuclear Reactors. Samples of reactor
vessel plate materials are retained and catalogued in case future engineering development shows
the need for further testing.

The material properties surveillance program includes not only the conventional tensile and
impact tests, but also fracture mechanics specimens. The observed shifts in NDT temperature of
the core region materials with irradiation will be used to confirm the calculated limits to start-up
and shutdown transients.

To define permissible operating conditions below NDT temperature, a pressure range is
established that is bounded by a lower limit for pump operation and an upper limit that satisfies
reactor vessel stress criteria. To allow for thermal stresses during heatup or cooldown of the
reactor vessel, an equivalent pressure limit is defined to compensate for thermal stress as a
function of rate of change of coolant temperature. Since the normal operating temperature of the
reactor vessel is well above the maximum expected NDT temperature, brittle fracture during
normal operation is not considered to be a credible mode of failure. Additional details can be
found in Section 5.2.

3.1.29 Reactor Coolant Makeup, Criterion 33

3.1.29.1 AEC Criterion

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

The chemical and volume control system provides a means of reactor coolant makeup and
adjustment of the boric acid concentration. Makeup is added automatically if the level in the
volume control tank falls below a preset level. High-pressure centrifugal charging pumps are
provided which are capable of supplying the required makeup and reactor coolant seal injection
flow with power available from either onsite or offsite electric power systems. These pumps also
serve as high-head safety injection pumps. In the event of a loss of coolant larger than the capacity
of the normal makeup path, these pumps discharge into the larger safety injection piping. A high
degree of functional reliability is ensured by providing standby components and ensuring safe
response to probable modes of failure. Details of system design are included in Section 9.3.4;
details of the electric power systems are given in Chapter 8.

3.1.30 Residual Heat Removal, Criterion 34

3.1.30.1 AEC Criterion

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

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

3.1.30.2 Discussion

The residual heat removal system, in conjunction with the steam and power conversion
system, transfers the fission product decay heat and other residual heat from the reactor core and
keeps the core temperature within acceptable limits. The crossover from the steam power
conversion system to the residual heat removal system occurs at approximately 350°F.

Suitable redundancy is provided below 350°F by the two residual heat removal pumps with
means available for draining and monitoring of leakage, two heat exchangers, and the associated
piping and cabling. The residual heat removal system operates on either onsite or offsite electrical
power.

Suitable redundancy at temperatures above approximately 350°F is provided by the steam
generators, auxiliary feed pumps, and attendant piping.

Details of the system design are in Section 5.5.4.
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3.1.31 Emergency Core Cooling, Criterion 35

3.1.31.1 AEC Criterion

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

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

3.1.31.2 Discussion

By combining the use of passive accumulators with two centrifugal charging pumps and
two low-head safety injection pumps, emergency core cooling is provided even with a failure of
any component in any system. The emergency core cooling system uses a passive system of
accumulators that do not require any external signals or source of power for their operation to
cope with the short-term cooling requirements of large reactor coolant pipe breaks. Two
independent pumping systems, each capable of the required emergency cooling, are provided for
small-break protection and to keep the core submerged after the accumulators have discharged
following a large break. Adequate design provisions ensure the performance of the required safety
functions even with the loss of a single component, assuming the electric power is available from
either the offsite or the onsite electric power sources. Borated water is injected into the reactor
coolant system by accumulators, low-head safety injection pumps, and charging pumps.

The design meets the intent of the Interim Policy Statement Criteria for Emergency Core
Cooling Systems for Light Water Power Reactors.

The primary function of the emergency core cooling system is to deliver borated cooling
water to the reactor core following a LOCA. This limits the fuel clad temperature and thereby
ensures that the core will remain substantially intact and in place, with its essential heat transfer
geometry preserved. This protection is afforded for:

1. All pipe break sizes up to and including the hypothetical circumferential rupture of a reactor
coolant loop.

2. A loss of coolant associated with a rod ejection accident.

The basic criteria for LOCA evaluations are as follows: no clad melting; Zirconium-water
reactions will be limited to an insignificant amount; and the core geometry is to remain essentially
in place and intact so that effective cooling of the core will not be impaired. The Zirconium-water
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reactions will be limited to an insignificant amount so that the accident neither interferes with the
emergency core cooling function to limit clad temperatures nor produces H2 in an amount that
when burned would cause the containment pressure to exceed the design value.

For any rupture of a steam pipe and the associated uncontrolled heat removal from the core,
the emergency core cooling system adds shutdown reactivity so that with a stuck rod, no offsite
power, and minimum engineered safety features, there is no consequential damage to the primary
system, and the core remains substantially in place and intact. With no stuck rod, no offsite power,
and all equipment operating at design capacity, there is insignificant cladding rupture. The
emergency core cooling system is described in Section 6.3. Sections 6.2 and 15.4 contain the
analysis for the LOCA and steam-line rupture.

3.1.32 Inspection of Emergency Core Cooling System, Criterion 36

3.1.32.1 AEC Criterion

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

3.1.32.2 Discussion

Design provisions are made for inspection, to the extent practical, of all components of the
emergency core cooling system. Periodic inspections demonstrate system readiness.

The pressure-containing systems are inspected for leaks from pump seals, valve packing,
flanged joints, and safety valves during system testing.

In addition, to the extent practical, the critical parts of the reactor vessel internals, injection
nozzles, pipes, valves, and pumps are inspected visually or with a boroscope for erosion,
corrosion, and vibration wear, and by nondestructive inspection, where such techniques are
appropriate.

Details of the inspection program for the reactor vessel internals are included in
Section 5.2.5. Inspection of the emergency core cooling system is discussed in Section 6.3.4.

3.1.33 Testing of Emergency Core Cooling System, Criterion 37

3.1.33.1 AEC Criterion

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

3.1.33.2 Discussion

The components of the system located outside the containment will be accessible for
leaktightness inspection during appropriate periodic tests. Each active component of the
emergency core cooling system may be individually actuated on the normal power source at any
time during plant operation to demonstrate operability. The centrifugal charging pumps are part of
the charging system; this system is in continuous operation during plant operation.
Remote-operated valves are exercised and actuation circuits are tested periodically. The automatic
actuation circuitry, valves, and pump breakers also may be checked during integrated system tests
during a planned cooldown of the reactor coolant system.

Design provisions also include special instrumentation, testing, and sampling lines to
perform tests during plant shutdown to demonstrate proper automatic operation of the emergency
core cooling system. A test signal is applied to initiate automatic action. The test demonstrates the
operation of the valves, pump circuit breakers, and automatic circuitry. In addition, other tests are
performed periodically to verify that the safety injection pumps attain required discharge heads.

These tests are described in Section 6.3.4.

3.1.34 Containment Heat Removal, Criterion 38

3.1.34.1 AEC Criterion

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

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

3.1.34.2 Discussion

Two quench spray subsystems, each 100%-capacity, and four separate recirculation spray
subsystems, each approximately 50%-capacity, remove heat from the containment following a
LOCA. Each subsystem contains a separate pump and spray header, and each recirculation spray
subsystem contains a separate cooler. Two electrical buses, each connected to both offsite and
onsite power, feed the pump motors and the necessary valves. Redundant remote-reading water
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level indication is provided in the safeguards area for leak detection of safeguards equipment.
Containment isolation valves separate all outside components from the containment penetrations.

The reference sections are:

3.1.35 Inspection of Containment Heat Removal System, Criterion 39

3.1.35.1 AEC Criterion

The containment heat removal system shall be designed to permit appropriate periodic
inspection of important components, such as the torus, sumps, spray nozzles, and piping to assure
the integrity and capability of the system.

3.1.35.2 Discussion

Equipment comprising the containment depressurization system is so situated that periodic
physical inspections can be made. All equipment can be inspected during planned refueling
shutdowns. The system is described in Chapter 6.

3.1.36 Testing of Containment Heat Removal System, Criterion 40

3.1.36.1 AEC Criterion

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

3.1.36.2 Discussion

Provision is made to permit testing the quench spray subsystem and the recirculation spray
subsystem throughout the life of the unit to ensure that the systems are operable. For
preoperational testing, ends of the quench spray headers were fitted with blind flanges, allowing
connection of temporary drain lines for full-flow testing up to the nozzles. The recirculation spray
nozzle connections were plugged for preoperational testing and temporary connections made
between the spray headers and the containment sump, allowing full-flow test of the system. These
provisions permitted testing of the containment depressurization system over the full range of
flow and starting conditions.

Section Title Chapter

Engineered Safety Features 6

Electric Power 8
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Periodically during the life of the unit, the quench spray and outside recirculation spray
pumps are flow tested, the motor-operated valves in the containment depressurization system are
tested. The quench spray and recirculation spray subsystems are tested or inspected for the
presence of particulate matter which could clog the spray nozzles following maintenance or an
activity which could result in nozzle blockage. These tests verify that the containment
depressurization system will respond promptly and perform its design function.

The design of the control system for the quench spray subsystems and the recirculation
spray subsystems includes manual test switches for individual testing of all the equipment in the
subsystems and for testing of the operational sequence of the containment spray systems. These
tests may be conducted on the normal shutdown power system or may include transfer to the
alternate power source.

The reference sections are:

3.1.37 Containment Atmosphere Cleanup, Criterion 41

3.1.37.1 AEC Criterion

Systems to control fission products, hydrogen, oxygen, and other substances that may be
released into the reactor containment shall be provided as necessary to reduce, consistent with the
functioning of other associated systems, the concentration and quality of fission products released
to the environment following postulated accidents, and to control the concentration of hydrogen
or oxygen and other substances in the containment atmosphere following postulated accidents to
ensure that containment integrity is maintained.

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

3.1.37.2 Discussion

Systems are provided to control fission products generated by a design-basis accident.
These systems are sufficiently redundant to meet the single-failure criterion and are operable with
either onsite or offsite power.

Section Title Chapter

Engineered Safety Features 6

Instrumentation and Controls 7
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The caustic sprays from the quench spray subsystem remove radioactive iodine and
particulate fission products by absorption and washing action. Per Reference 1, the control of
hydrogen and oxygen in a design-basis accident is no longer a regulatory requirement.

The systems are discussed in Chapter 6.

3.1.38 Inspection of Containment Atmosphere Cleanup Systems, Criterion 42

3.1.38.1 AEC Criterion

The containment atmosphere cleanup systems shall be designed to permit appropriate
periodic inspection of important components, such as filter frames, ducts, and piping to ensure the
integrity and capability of the systems.

3.1.38.2 Discussion

Both the containment atmosphere cleanup system and the containment depressurization
system are designed to permit appropriate periodic inspection of the important components, as
described in Chapter 6.

3.1.39 Testing of Containment Atmosphere Cleanup Systems, Criterion 43

3.1.39.1 AEC Criterion

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

3.1.39.2 Discussion

Both the containment atmosphere cleanup system and the containment depressurization
system are designed to permit periodic pressure and functional testing of their components, as
described in Chapter 6.

3.1.40 Cooling Water, Criterion 44

3.1.40.1 AEC Criterion

A system to transfer heat from structures, systems, and components important to safety to
an ultimate heat sink shall be provided. The system safety function shall be to transfer the
combined heat load of these structures, systems, and components under normal operating and
accident conditions.
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Suitable redundancy in components and features, and suitable interconnections, leak
detection, and isolation capabilities, shall be provided to ensure that for onsite electric power
system operation (assuming offsite power is not available) and for offsite electric power system
operation (assuming onsite power is not available) the system safety function can be
accomplished, assuming a single failure.

3.1.40.2 Discussion

All safety-related items requiring cooling during an accident are cooled by the service water
system. Heat exchangers requiring cooling during normal operation and cooldown are cooled by
either the component cooling system or the service water system. The component cooling system,
in turn, is cooled by the service water system.

The service water system has sufficient redundancy to meet the single-failure criterion,
including the failure of an emergency generator. The service water system is in use during normal
operation and during accident recovery.

The component cooling system is provided with redundant pumping and heat transfer
equipment. Piping and valving ensure maximum reliability, but do not contain redundant supply
and return headers. The piping that is not redundant is located in missile-protected areas and is
designed to withstand seismic loadings without failure. Valves that affect the operation of both
units are located in missile-protected areas and can be repacked under system pressure.

The component cooling system will operate with emergency onsite power. The systems are
described in Chapter 9.

The auxiliary feedwater system is provided to supply water to the steam generators to
transfer heat to atmosphere or to the condenser. Auxiliary feedwater has redundancy of design and
power supplies to meet single failure criteria. Auxiliary feedwater is described in Section 10.4.3.

3.1.41 Inspection of Cooling Water System, Criterion 45

3.1.41.1 AEC Criterion

The cooling water system shall be designed to permit appropriate periodic inspection of
important components, such as heat exchangers and piping, to ensure the integrity and capability
of the system.

3.1.41.2 Discussion

The cooling water system referred to in this criterion transfers heat from structures,
systems, and components important to safety to an ultimate heat sink. Three systems are used for
this purpose: the service water system, the component cooling system, and the auxiliary feedwater
system.
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The majority of the header piping in the service water system is buried under 10 feet of
backfill or is encased in concrete to provide the necessary missile protection. Inspection of this
piping is not anticipated. The remainder of the piping, valves, equipment, and associated electrical
gear in the service water system can be readily inspected.

All piping, valves, equipment, and associated electrical gear in the component cooling
system can be readily inspected. Those portions of the piping inside the missile barrier of the
containment structure can be inspected during refueling shutdowns.

All of the auxiliary feedwater system is accessible for inspections.

The references sections are:

3.1.42 Testing of Cooling Water System, Criterion 46

3.1.42.1 AEC Criterion

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

3.1.42.2 Discussion

The cooling water system referred to in this criterion encompasses the service water system,
the component cooling system, and the auxiliary feedwater system.

The service water system operates continuously. The service water supply to the
recirculation spray heat exchangers is tested periodically to ensure that the automatic valves
function as required and the structural and leaktight integrity of the pressure-containing
components is retained. This test requires opening the recirculation spray heat exchanger isolation
valves and the service water header isolation valves which are energized by the containment
depressurization actuation signal.

Section Title Chapter

Electric Power 8

Auxiliary Systems 9

Condensate and Feedwater Systems 10
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The component cooling system is in continuous use, thus ensuring that the structural and
leaktight integrity, operability of active components, and operability of the system in its entirety
are continuously monitored. The integrity and operability of the flow path of component cooling
water to the residual heat exchangers are verified by operation during refueling shutdowns.

Auxiliary feedwater systems are periodically flowed and tested in accordance with technical
specifications.

The operational testing of the component cooling, service water, and auxiliary feedwater
systems also provides for the testing of the electrical portions of the system.

The reference sections are:

3.1.43 Containment Design Basis, Criterion 50

3.1.43.1 AEC Criterion

The reactor containment structure, including access openings, penetrations, and the
containment heat removal system shall be designed so that the containment structure and its
internal compartments can accommodate, without exceeding the design leakage rate and with
sufficient margin, the calculated pressure and temperature conditions resulting from any LOCA.
This margin shall reflect consideration of (1) the effects of potential energy sources that have not
been included in the determination of the peak conditions, such as energy in steam generators and
energy from metal-water and other chemical reactions that may result from degraded emergency
core cooling functioning, (2) the limited experience and experimental data available for defining
accident phenomena and containment responses, and (3) the conservatism of the calculational
model and input parameters.

3.1.43.2 Discussion

The containment structure is designed to leak less than 0.1 volume percent of its contents
per day under post-DBA conditions. The containment is designed to withstand pressures and
temperatures above those conservatively calculated to result from a design-basis accident by a
margin sufficient to ensure that design conditions are not exceeded.

Section Title Chapter

Engineered Safety Features 6

Electric Power 8

Auxiliary Systems 9

Condensate and Feedwater Systems 10
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The reference sections are:

3.1.44 Fracture Prevention of Containment Pressure Boundary, Criterion 51

3.1.44.1 AEC Criterion

The reactor containment boundary shall be designed with sufficient margin to ensure that
under operating, maintenance, testing, and postulated accident conditions (1) its ferritic materials
behave in a nonbrittle manner, and (2) the probability of rapidly propagating fracture is
minimized. The design shall reflect consideration of service temperatures and other conditions of
the containment boundary material during operation, maintenance, testing, and postulated
accident conditions, and the uncertainties in determining (1) material properties, (2) residual,
steady-state, and transient stresses, and (3) size of flaws.

3.1.44.2 Discussion

The design condition of the containment pressure boundary is based on the parameters
derived after the design-basis accident, as detailed in Section 3.8.2. For this design condition, as
well as operating, testing, and maintenance conditions, the steel liner material behaves in a
nonbrittle manner, minimizing the propagation of any undetected flaw, as explained in
Section 3.8.2.

A fatigue analysis of the steel liner ensures that pressure and temperature variations, with
their corresponding number of cycles, for the design, testing, maintenance, and operational
conditions, satisfy the allowable limits.

The steel liner material was tested and certified to prove that its properties meet or exceed
the minimum values as specified in the ASME Boiler and Pressure Vessel Code. The steel liner
material has sufficient ductility to tolerate local deformations without rupture. For detailed
information see Section 3.8.2. Fracture propagation and prevention in the containment pressure
boundary is also discussed in detail in Section 3.8.2.

Section Title Chapter

Containment Structure  3.8.2

Engineered Safety Features Chapter 6

Condition IV - Limiting Faults 15.4
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3.1.45 Capability for Containment Leakage Rate Testing, Criterion 52

3.1.45.1 AEC Criterion

The reactor containment and other equipment which may be subjected to containment test
conditions shall be designed so that periodic integrated leakage rate testing can be conducted at
containment design pressure.

3.1.45.2 Discussion

The reactor containment was subjected to a “one time only” air pressure test at 115% design
pressure. The initial leakage rate test was performed at a pressure equal to the calculated peak
containment atmospheric pressure (Pa) (see Section 6.2.1.4). Measurements to established
leakage rates were obtained by using the leakage monitoring system (Section 6.2.7). Periodic
integrated leakage rate tests will be performed as required by the Technical Specifications.

The reference sections are:

3.1.46 Provisions for Containment Testing and Inspection, Criterion 53

3.1.46.1 AEC Criterion

The reactor containment shall be designed to permit (1) appropriate periodic inspection of
all important areas, such as penetrations, (2) an appropriate surveillance program, and (3) periodic
testing at containment design pressure of the leaktightness of penetrations that have resilient seals
and expansion bellows.

3.1.46.2 Discussion

The reactor containment design includes provisions for testing the leaktightness of all
penetrations, except as discussed in Section 6.2.1.4, including those that have resilient seals or
expansion bellows, and other important areas. Penetrations with resilient seals will be visually
inspected and pressure tested. Penetrations with expansion bellows will be pressure tested. Test
channels for checking the weld between penetrations and the containment liner have been
provided. These provisions, in conjunction with the leakage monitoring system, allow
surveillance of the conditions inside the containment.

Section Title Chapter

Containment Structure  3.8.2

Engineered Safety Features Chapter 6

Containment Tests Technical Specifications
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The reference sections are:

3.1.47 Piping Systems Penetrating Containment, Criterion 54

3.1.47.1 AEC Criterion

Piping systems penetrating primary reactor containment shall be provided with leak
detection, isolation, and containment capabilities having redundancy, reliability, and performance
capabilities that reflect the importance to safety of isolating these piping systems. Such piping
systems shall be designed with a capability to test periodically the operability of the isolation
valves and associated apparatus and to determine if valve leakage is within acceptable limits.

3.1.47.2 Discussion

The containment isolation system provides, during accident conditions, at least two barriers
between the atmosphere outside the containment structure and either the fluid inside the reactor
coolant pressure boundary or the atmosphere inside the containment structure. The operation of
the containment isolation system is automatic, and failure of one valve or barrier does not prevent
isolation. Means are provided to test periodically the setpoints of sensors, speed of response,
operability of fail-safe features, and leakage rates of all valves, except as discussed in
Section 6.2.1.4, used for containment isolation.

The reference sections are:

3.1.48 Reactor Coolant Pressure Boundary Penetrating Containment, Criterion 55

3.1.48.1 AEC Criterion

Each line that is part of the reactor coolant pressure boundary and that penetrates primary
reactor containment shall be provided with containment isolation valves as follows, unless it can
be demonstrated that the containment isolation provisions for a specific class of lines, such as
instrument lines, are acceptable on some other defined basis:

1. One locked closed isolation valve inside and one locked closed isolation valve outside
containment; or

Section Title Section

Containment Structure  3.8.2

Engineered Safety Features Chapter 6

Section Title Chapter

Engineered Safety Features 6

Instrumentation and Controls 7
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2. One automatic isolation valve inside and one locked closed isolation valve outside
containment; or

3. One locked closed isolation valve inside and one automatic isolation valve outside
containment (a simple check valve may not be used as the automatic isolation valve outside
containment); or

4. One automatic isolation valve inside and one automatic isolation valve outside containment
(a simple check valve may not be used as the automatic isolation valve outside containment).

Isolation valves outside containment shall be located as close to containment as practical,
and upon loss of actuating power, automatic isolation valves shall be designed to take the position
that provides greater safety.

Other appropriate requirements to minimize the probability or consequences of an
accidental rupture of these lines or of lines connected to them shall be provided as necessary to
ensure adequate safety. Determination of the appropriateness of these requirements, such as
higher quality in design, fabrication, and testing, additional provisions for inservice inspection,
protection against more severe natural phenomena, and additional isolation valves and
containment, shall include consideration of the population density, use characteristics, and
physical characteristics of the site environs.

3.1.48.2 Discussion

All pipe penetrations through the containment structure have, during accident conditions, at
least two barriers between the atmosphere outside the containment and either the fluid inside the
reactor coolant pressure boundary or the atmosphere inside the containment structure. A detailed
description of the isolation arrangement of each piping penetration and a comparison of the
arrangement with the criterion are contained in Section 6.2.4.

The design pressure of all piping and connecting components within the isolated boundary
afforded by the two barriers is greater than the design pressure of the containment structure, and
the piping is designed to Class I or II of the USA Standard Code for Pressure Piping -
ANSI B31.7-1969, Nuclear Power Piping. The isolation valves outside the containment are
located as close to the penetration as practical, and automatic valves take the position that
provides greatest safety upon the loss of actuating power. All isolation valves and associated
equipment are protected from missiles and water jets originating from the reactor coolant system.
No manual action is required to activate the valves to isolate the containment, and the failure of
one valve or barrier does not prevent isolation. All remotely actuated and automatic trip valves
have their positions indicated in the control room. Containment isolation valves are inspected and
tested in accordance with the Technical Specifications.

The system is described in Section 6.2.4.
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3.1.49 Primary Containment Isolation, Criterion 56

3.1.49.1 AEC Criterion

Each line that connects directly to the containment atmosphere and penetrates primary
reactor containment shall be provided with containment isolation valves as follows, unless it can
be demonstrated that the containment isolation provisions for a specific class of lines, such as
instrument lines, are acceptable on some other defined basis:

1. One locked closed isolation valve inside and one locked closed isolation valve outside
containment; or

2. One automatic isolation valve inside and one locked closed isolation valve outside
containment; or

3. One locked closed isolation valve inside and one automatic isolation valve outside
containment (a simple check valve may not be used as the automatic isolation valve outside
containment); or

4. One automatic isolation valve inside and one automatic isolation valve outside containment
(a simple check valve may not be used as the automatic isolation valve outside containment).

Isolation valves outside containment shall be located as close to containment as practical,
and upon loss of actuating power, automatic isolation valves shall be designed to take the position
that provides greater safety.

3.1.49.2 Discussion

Refer to the discussion in Section 3.1.48.

3.1.50 Closed System Isolation Valves, Criterion 57

3.1.50.1 AEC Criterion

Each line that penetrates primary reactor containment and is neither part of the reactor
coolant pressure boundary nor connected directly to the containment atmosphere shall have at
least one containment isolation valve that shall be either automatic, or locked closed, or capable of
remote manual operation. This valve shall be outside containment and located as close to the
containment as practical. A simple check valve may not be used as the automatic isolation valve.

3.1.50.2 Discussion

Refer to the discussion in Section 3.1.48.
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3.1.51 Control of Release of Radioactive Materials to the Environment, Criterion 60

3.1.51.1 AEC Criterion

The nuclear power unit design shall include means to control suitably the release of
radioactive materials in gaseous and liquid effluents and to handle radioactive solid wastes
produced during normal reactor operation, including anticipated operational occurrences.
Sufficient holdup capacity shall be provided for retention of gaseous and liquid effluents
containing radioactive materials, particularly where unfavorable site environmental conditions
can be expected to impose unusual operational limitations upon the release of such effluents to the
environment.

3.1.51.2 Discussion

Waste gas effluents are controlled by holdup of waste gases in decay tanks until the activity
of tank contents and existing environmental conditions permit discharges within 10 CFR 20 and
10 CFR 50 requirements. Waste gas effluents are monitored at the point of discharge for
radioactivity and rate of flow. Sufficient waste gas holdup capacity is provided, as discussed in
Section 11.3, to cope with all anticipated operational occurrences and site environmental
conditions. A decay tank burst would not result in an activity release greater than 10 CFR 100
limits, based on 1% failed fuel.

Liquid waste effluents are controlled by holdup of waste liquids in storage tanks, batch
processing of all liquids, and sampling before controlled rate discharge. Liquid effluents are
monitored for radioactivity and rate of flow. The liquid waste disposal system, as described in
Section 11.2, is sufficient to cope with all anticipated operational occurrences and unfavorable site
environmental conditions.

Station solid wastes are typically shipped to offsite processors for volume reduction by
approved contractors and then forwarded to approved burial sites. All shipments are in accordance
with the transportation requirements of the Federal Regulations. Sufficient handling capacity is
provided, as discussed in Section 11.5, to cope with all anticipated operational occurrences.

The reference sections are:

Section Title Chapter

Radioactive Waste Management 11

Accident Analysis 15
 



Revision 43—09/27/07 NAPS UFSAR 3.1-44
3.1.52 Fuel Storage and Handling and Radioactivity Control, Criterion 61

3.1.52.1 AEC Criterion

The fuel storage and handling, radioactive waste, and other systems which may contain
radioactivity shall be designed to ensure adequate safety under normal and postulated accident
conditions. These systems shall be designed (1) with a capability to permit appropriate periodic
inspection and testing of components important to safety, (2) with suitable shielding for radiation
protection, (3) with appropriate containment, confinement, and filtering systems, (4) with a
residual heat removal capability having reliability and testability that reflects the importance to
safety of decay heat and other residual heat removal, and (5) to prevent significant reduction in
fuel storage coolant inventory under accident conditions.

3.1.52.2 Discussion

Systems which may contain radioactivity, such as the reactor coolant system, the
containment system, the engineered safeguards system, the containment depressurization system,
the containment vacuum system, the containment atmosphere cleanup system, the boron recovery
system, the component cooling system, the fuel pit cooling and refueling purification system, the
chemical and volume control system, the radioactive waste systems, the radiation protection
system, and the residual heat removal system are designed to ensure adequate safety under normal
and postulated accident conditions.

These systems are designed to permit inspection and testing as described in Chapters 5, 6, 9,
and 11. Systems and components that may contain radioactivity are designed and provided with
suitable shielding for radiation protection to meet the requirements of 10 CFR 20. Additional
shielding is provided and barricades are used to limit personnel access in the areas adjacent to the
fuel transfer canal wall during actual fuel transfers. Appropriate containment, confinement, and
treatment facilities and procedures are provided to preclude gross mechanical failures which
could lead to significant radioactivity releases. Reliable and testable residual heat removal and
fuel pit cooling systems are provided as described in Chapter 9. Equally reliable component
cooling systems are provided to ensure the safety and ultimate rejection of decay heat as described
in Chapter 9. The fuel pit storage, fuel pit cooling, and fuel pit water makeup systems are
designed to prevent significant reduction in the inventory fuel pit water under accident conditions,
as described in Section 9.1.3.
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The reference sections are:

3.1.53 Prevention of Criticality in Fuel Storage and Handling, Criterion 62

3.1.53.1 AEC Criterion

Criticality in the fuel storage and handling system shall be prevented by physical systems
and processes, preferably by the use of geometrically safe configurations.

3.1.53.2 Discussion

The water used in the spent-fuel pit and the reactor cavity when the reactor vessel head is
removed is maintained with a boron concentration greater than or equal to 2600 ppm, or a
concentration not less than that required to shut down the core to a keff equal to 0.95 cold with all
control rods inserted, whichever is more restrictive. This concentration ensures that keff is equal to
or less than 1.0 even if all control rods are withdrawn, with appropriate allowance for
calculational and measurement uncertainty. The design and arrangement of the new- and
spent-fuel handling, transfer, and storage equipment and facilities in conjunction with
administrative controls provide sufficient center-to-center distance between assemblies and/or
neutron poison to ensure that keff is less than 0.95. The sole exceptions to this criterion are: under
conditions of optimum moderation (e.g., aqueous foam), keff for new fuel storage is limited to less
than 0.98 and the keff for the spent fuel pool is limited to less than 1.0 when unborated water is
used in the spent fuel pool. To meet this criteria in the spent fuel pool, the boron concentration
shall be greater than or equal to 2500 ppm. The spent fuel pool boron concentration will be
monitored every 7 days. Administrative controls are in place on the placement of fuel in the spent
fuel pool to ensure that the keff limit is met for unborated water. The fuel transfer equipment is
designed to handle one fuel assembly at a time. The new-fuel storage racks are designed so that it
is impossible to insert assemblies in other than the safe geometry lattice spacing. The fuel storage
racks are designed with sufficient center-to-center distance between assemblies to ensure the
above keff limits are satisfied. Criticality monitoring is not required in the new fuel storage area as
discussed in Section 9.1.1.

Fuel storage is discussed in Section 9.1.

Section Title Chapter

Reactor Coolant System 5

Engineered Safety Features 6

Auxiliary Systems 9

Radioactive Waste Management 11

Radiation Protection 12
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3.1.54 Monitoring Fuel and Waste Storage, Criterion 63

3.1.54.1 AEC Criterion

Appropriate systems shall be provided in fuel storage and radioactive waste systems and
associated handling areas (1) to detect conditions that may result in loss of residual heat removal
capability and excessive radiation levels and (2) to initiate appropriate safety actions.

3.1.54.2 Discussion

The spent-fuel pit water temperature is continuously monitored. The temperature is
displayed in the control room, where an audible alarm sounds should the water temperature
increase above a preset level. An audible alarm also sounds in the control room should the water
level in the spent-fuel pit fall below a preset level. Decay heat removal from the spent fuel is
provided by the heat exchangers in the fuel pit cooling system which are cooled in turn by the
component cooling system. The status of the fuel pit cooling pumps and component cooling
pumps is displayed at the control board. Flow indicators are provided for the component cooling
water. Service water backup is available on loss of station power.

The spent-fuel pit water level monitor and alarm also warn the station operators of any
potential radiation hazard. Operators can determine the radiation level by portable detectors.

A radiation monitor is located on the movable platform used for fuel handling. This monitor
indicates the radiation level above the fuel pit when it is located over the pit. Higher than preset
levels will initiate an audible and visible alarm locally and in the control room. Continuous
surveillance of radiation levels in the waste storage and handling areas is maintained by an
appropriately mounted radiation detector. Radiation levels in excess of preset levels will initiate
audio and visual alarms locally and in the control room.

The operator will take the appropriate safety actions on receipt of any of the above alarms.

The reference sections are:

3.1.55 Monitoring Radioactive Releases, Criterion 64

3.1.55.1 AEC Criterion

Means shall be provided for monitoring the reactor containment atmosphere, spaces
containing components for recirculation of LOCA fluids, effluent discharge paths, and plant
environs for radioactivity that may be released from normal operations, including anticipated
operational occurrences, and from postulated accidents.

Section Title Chapter

Auxiliary Systems 9

Radioactive Waste Management 11
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3.1.55.2 Discussion

The reactor containment atmosphere is continually monitored during normal station
operation by the containment particulate and gas monitors. The sample path for continuous
monitoring of the containment atmosphere will be isolated under accident conditions.
Radioactivity levels for facility effluent discharge paths are monitored during normal and accident
conditions by the station radiation monitoring systems and by the radiological protection program
for this facility, as described in Chapters 11 and 12. The safeguards areas are monitored by the
ventilation vent sample particulate and gas monitors.

3.1 References

1. Letter from S.R. Monarque (NRC) to D.A. Christian (VEPCO), North Anna Power Station
Units 1 and 2 - Issuance of Amendments on Elimination of Requirements for Hydrogen
Recombiners and Hydrogen Monitors Using CLIIP (TAC Nos. MC4391 and MC4392),
March 22, 2005 (Serial No. 05-220).
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3.2 CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

3.2.1 Seismic Classification

The earthquake producing the maximum vibratory accelerations at the site is designated the
design-basis earthquake (DBE) (Section 2.5). The earthquake producing one-half the maximum
vibratory accelerations at the site is designated the operational-basis earthquake (OBE)
(Section 2.5). Seismic Class I structures, components, and systems are designed to resist the
operational-basis earthquake within allowable stresses. Analyses were made to ensure that failure
to function will not occur during the design-basis earthquake. The nomenclature and definitions
contained herein are modified, by necessity, from those suggested in the proposed Standard
Format and Content of SARs for Nuclear Power Plants, February 1972, to describe the plant as
actually designed and constructed.

Seismic Class I design includes those structures, systems, and components:

1. Whose loss or failure by earthquake could cause a nuclear accident and thereby constitute a
hazard to the general public; or

2. Whose loss or failure by earthquake could increase the severity of a nuclear accident.
Radioactivity levels that constitute such a hazard to the general public are defined in
10 CFR 100.

Seismic Class I structures, components, and systems are designed for resistance to seismic
loadings in accordance with Sections 3.7 and 3.8.

A list of structures, components, and systems that are designed to satisfy seismic and/or
tornado criteria is given in Table 3.2-1.

3.2.2 System Quality Group Classification

North Anna Power Station, Units 1 and 2, was issued construction permit Nos. CPPR-77
and CPPR-78 in February 1971. The station design incorporates the codes and standards that were
in effect when the equipment was purchased.

The codes and standards used for the design, fabrication, erection, and testing of
safety-related components are commensurate with the importance of the safety functions to be
performed.

The group classifications tabulated in the Standard Format and Content of Safety Analysis
Reports for Nuclear Power Reactors, issued February 1972, and in Safety Guide No. 26,
published March 1972, incorporated, in most cases, later editions of codes than those in effect
when the majority of safety-related equipment was designed. Some of the equipment that would
fall under a “group” as defined in Safety Guide No. 26 was designed to different codes or different
editions of the same code. For example, for different components that would be in the same group,
one may be designed to ASME III-1968, one to ASME III-1971, and one to ASME VIII-1968.
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Therefore, pressure-containing components of safety-related systems do not fall under the
group classifications listed above.

The codes and standards applicable to pressure-containing components of safety-related
systems are listed in the following sections of this report, which describe these systems.

Equipment that is part of the reactor coolant pressure boundary meets the requirements of
10 CFR 50.55a, except as discussed in Section 5.2.

Safety-related piping was designed in accordance with the Code for Nuclear Power Piping
ANSI B31.7-1969 and addenda through 1970. However, reanalysis of the pressurizer surge line to
account for the effect of thermal stratification and striping was performed in accordance with the
requirements of ASME Boiler and Pressure Vessel Code, Section III, 1986 and addenda through
987, incorporating high cycle fatigue as required by NRC Bulletin 88-11. Original safety-related
pressure retaining components other than pipe were specified by the design Engineer. The draft

System Reference Section

Containment liner and penetrations 3.8.2

Reactor coolant system 5

Containment depressurization system 6.2.2

Containment isolation system 6.2.4

Containment atmosphere cleanup system 6.2.5

Containment vacuum system 6.2.6

Emergency core cooling system 6.3

Fuel pit cooling and refueling purification 
system (portion of the system used to cool 
spent fuel)

9.1.3

Service water system 9.2.1

Chemical and volume control system 
(portion of the system used for emergency 
core cooling)

9.3.4

Boron recovery system (gas stripper) 9.3.5

Emergency diesel generator fuel-oil 
system

9.5.4

Steam and power conversion system 
(portions listed in Section 10.1)

10

Gaseous waste disposal system (waste gas 
decay tank)

11.3
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ASME Code for pumps and valves (dated Nov. 1968) and ASME VIII were the design codes for
safety related pumps to the extent invoked by the appropriate design or procurement specification.
Specific design and fabrication requirements for piping components, pumps, and pressure
retaining components are described in the appropriate design for procurement specification.

Piping designed and built to B31.7, Class I is indicated on the system diagrams by the
designation “Q1.” This piping includes that which is part of the reactor coolant pressure boundary
as defined in 10 CFR 50.55a. B31.7 Class II piping is indicated on the system diagrams by the
designation “Q2,” and B31.7 Class III piping by the designation “Q3.”
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3.3 WIND AND TORNADO DESIGN CRITERIA

3.3.1 Wind Criteria

All Seismic Class I structures listed in Table 3.2-1 are designed for the 100-year period of
recurrence of the fastest mile of wind, 80 mph as determined from Figure 1b of ASCE Paper 3269
(Reference 1). The maximum normal wind loading based on this ASCE paper, the 100-year
recurrence interval, and a shape factor of 1.3 for a typical building are shown in Table 3.3-1.

Gust factors selected on the basis of structure width are multiplied by the maximum normal
wind loading to determine the design wind pressure. The gust factors determined from ASCE
Paper 3269 are shown in Table 3.3-2.

Where other than normal wind pressures on typical rectangular building walls are
considered, the maximum wind loading is adjusted for the appropriate shape or drag factor given
in the ASCE paper.

Structures other than Seismic Class I structures are designed for the 50-year period of
recurrence of the fastest mile of wind as given in Figure 1a of ASCE Paper 3269. The maximum
normal wind loading based on this ASCE paper, the 50-year recurrence interval, and a shape
factor of 1.3 for a typical building is shown in Table 3.3-3.

Wind loads for other than Seismic Class I structures are also adjusted for appropriate gust,
shape, and drag factors as given in the ASCE paper.

Members of Seismic Class I and other structures subject to stresses produced by this wind
load combined with live and dead loads are proportioned for stresses 33-1/3% greater than
conventional working stresses, provided that the section thus required is not less than that required
for the combination of dead and live loads computed without the one-third increase.

3.3.2 Tornado Criteria

Section 2.3 outlines the probability of a tornado occurring at the site. Although no structural
damage is known to have resulted to a reinforced-concrete building in a tornado (Reference 2), the
structures and systems so indicated in Table 3.2-1 are designed to ensure safe shutdown of the
reactor when subjected to tornado loadings.

The tornado model used for design has the following characteristics:

Rotational velocity 300 mph

Translational velocity 60 mph

Pressure drop 3 psi in 3 sec

Overall diameter 1000 ft
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Applicable structures are designed to resist a maximum wind velocity of 360 mph
associated with a tornado, which is obtained by adding the rotational and translational velocities.
These structures and systems are designed for tornado pressure loading, vacuum loading, and the
combination of these two.

The tornado wind velocity is converted to an equivalent pressure, which will be applied to
the structures uniformly using the formula:

P = 0.00256 V2

where:

P = equivalent pressure, lb/ft2

V = wind velocity, mph

This pressure is multiplied by applicable shape factors and drag coefficients as given in
ASCE Paper 3269 and applied to the silhouette of the structure.

A reduction of the full negative pressure differential is made when venting of the structures
is provided. The amount of the reduction is a function of the venting area provided.

Tornado wind loads are combined with other loads as described in Section 3.8. Tornado and
earthquake loads are not considered to act simultaneously. A uniform wind velocity and a
nonuniform atmospheric pressure gradient are considered in the design of the containment
structure.

Structural design criteria for tornado loading for the containment structure are given in
Section 3.8.2.

It is assumed that a tornado could generate any of the following potential missiles:

1. Missile equivalent to a wooden utility pole 40 feet long, 12-inch diameter, with a density of
50 lb/ft3, and traveling in a vertical or horizontal direction at 150 mph (Reference 3).

2. Missile equivalent to a 1-ton automobile traveling at 150 mph not more than 25 feet above
ground grade and with a contact area of 30 ft2.

3. 1-inch solid steel rod, 3 feet long, with a density of 490 lb/ft3.

4. 6-inch Schedule 40 pipe, 15 feet long, with a density of 490 lb/ft3.

5. 12-inch Schedule 40 pipe, 15 feet long, with a density of 490 lb/ft3.

The design assumes maximum wind forces and partial vacuum to occur simultaneously
with the impact of either of the missiles singly. Allowable stresses do not exceed 90% of the
guaranteed minimum yield strength of structural steel, the capacity reduction factor, given in
Section 3.8, times the guaranteed minimum yield strength of the reinforcing steel, or 75% of the



Revision 43—09/27/07 NAPS UFSAR 3.3-3
 

ultimate strength of the concrete. Allowable soil bearing values may be increased one-third for
this loading condition.

The above-grade exterior portion of all tornado-resistant structures is at least 2-foot-thick
heavily reinforced concrete. The walls and roof of such structures comprise the barrier against
tornado missiles. A typical reinforcement for a 2-foot-thick barrier consists of N11 bars, on
10-inch centers, running in two perpendicular directions, in both the near and far faces of the
concrete. Other combinations of concrete thickness and steel reinforcement that provide the same
protection have also been provided. If a heavily reinforced concrete labyrinth was not practical as
a means of egress from tornado-resistant structures, a 3-inch-thick steel plate sliding door has
been provided.

Non-tornado-resistant building superstructures are constructed from materials such as
reinforced concrete, concrete block, and/or structural steel, with metal siding and roof deck.
Potential missiles or debris from these materials, resulting during failure of the superstructure
when subjected to excessive wind loads up to tornado intensity, are not considered to result in a
more severe design criterion than that imposed by the utility pole (Reference 4).

The extent of the turbine building superstructure adjacent to, and projecting above, the
portion of the service building roof over the tornado-resistant control room, has been braced
against possible collapse onto the control room when subjected to excessive wind loads up to
tornado intensity.

3.3 REFERENCES

1. Task Committee on Wind Forces, “Wind Forces on Structures,” Transactions of the American
Society of Civil Engineers, Paper 3269, Vol. 126, Part II, p. 1124, 1962.

2. V. C. Gilbertson and E. R. Mageanu, Tornadoes, AIA Technical Reference Guide, TRG 13-2,
U.S. Weather Bureau.
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General Electric APED-5696, Class I, November 1968.

4. A. Amerckian, Design of Protective Structures, Bureau of Yards and Docks, Department of
the Navy, Navy Docks P-51, August 1950.
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Table 3.3-1
WIND LOADING ON SEISMIC CLASS 1 STRUCTURES

(Based on 100 Yr. Recurrence of 80 mph Wind Measured 30 ft Above Ground)

Height Zone (ft)
Basic Wind

Velocity (mph)

Dynamic Wind
Pressure

(DWP) (psf)

DWP × 1.3
Shape Factor

(psf)

DWP × 1.3
Shape Factor x

Gust Factor
(Table 3.3-2)

(psf)

0-50 80 16 21 27

51-150 95 23 30 36

151-400 110 31 40 40

Table 3.3-2
GUST FACTORS

Width of Structure (ft) Gust Factor

0-50 1.3

51-100 1.2

101-150 1.1

Greater than 150 1.0

Table 3.3-3
WIND LOADING ON OTHER THAN SEISMIC CLASS 1 STRUCTURES
(Based on 50 Yr. Recurrence of 75 mph Wind Measured 30 ft Above Ground)

Height Zone (ft)
Basic Wind

Velocity (mph)

Dynamic Wind
Pressure

(DWP) (psf)

DWP × 1.3
Shape Factor

(psf)

DWP × 1.3
Shape Factor x

Gust Factor
(Table 3.3-2)

(psf)

0-50 75 14.5 19 25

51-150 90 21 27 32

151-400 100 25.5 33 33
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3.4 WATER LEVEL (FLOOD) DESIGN CRITERIA

Finish ground grade at the station is at Elevation 271.0 ft. The normal level of Lake Anna is
at Elevation 250.0 ft., and the probable maximum flood still-water level of the lake at the station
site is Elevation 264.2 ft. This level results from the revised probable maximum flood analysis
presented in Appendix 2A, dated June 18, 1976. Test borings indicated a ground-water level at
approximately Elevation 220.0 ft. before the start of construction and flooding of the lake.

During construction, surface water was the principal source of water. This surface water
was readily handled by pumping, when required, and hydrostatic loadings, which may have
otherwise caused flotation, did not occur.

At the completion of the main dam construction, Lake Anna was allowed to fill to its normal
pond level, and ground-water levels increased. Considering the dead weight of the various
structures, hydrostatic loadings are not of sufficient intensity to result in flotation.

All below-grade walls are designed for the maximum anticipated hydrostatic loadings. All
below-grade rattle spaces between structures are protected from ground-water seepage with two
water stops composed of either PVC membrane attached to embedded reglets, embedded PVC
expansion-type water seals, or a combination of the two. Additionally, subsurface drainage has
been provided to intercept ground water and prevent hydraulic pressure at rattle spaces between
the Auxiliary Building and the containment structures, and between the Auxiliary Building and
the Main Steam Valve Houses.

Static and dynamic effects and consequences of all types of flooding on safety-related
facilities are discussed in Section 2.4.10.
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3.5 MISSILE PROTECTION CRITERIA

3.5.1 Missiles Postulated Within Reactor Containment

The systems located inside the reactor containment have been examined to identify and
classify potential missiles. The basic approach was to ensure design adequacy against generation
of missiles, rather than to postulate missile formation and then try to contain their effects.

Catastrophic failure of the reactor vessel, steam generators, pressurizer, reactor coolant
pump casings, and piping leading to generation of missiles is not considered credible. Massive
and rapid failure of these components is not credible because of the material characteristics,
scheduled inspections, quality control during fabrication, erection, and operation, conservative
design, and prudent operation as applied to the particular component. The reactor coolant pump
flywheel is not considered a source of missiles for the reasons discussed in Section 5.2.3.3.3. Nuts
and bolts are of no concern because of the small amount of stored energy.

Components that, nevertheless, are considered to have a potential for missile generation
inside the reactor containment are the following:

1. Control rod drive mechanism (CRDM) housing extension and cap, drive shaft, and the drive
shaft and drive mechanism latched together.

2. Certain valve bonnets.

3. Temperature- and pressure-sensing assemblies.

4. Pressurizer heaters.

Design provisions to preclude missile damage from these sources are discussed in
Section 3.5.3.

Gross failure of a control rod mechanism housing sufficient to allow a control rod to be
rapidly ejected from the core is not credible for the following reasons:

1. Control rod mechanisms are shop pressure-tested at 3450 psig and 4105 psig.

2. The mechanism housings are individually hydrotested to 3107 psig as they are installed on
the reactor vessel head adapters, and checked during the hydrotest of the completed reactor
coolant system.

3. Stress levels in the mechanisms are not affected by system transients at power, or by thermal
movement of the coolant loops.

4. The mechanism housings are made of type 304 stainless steel. This material exhibits
excellent fracture notch toughness at all temperatures encountered.
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However, it is postulated that the cap and extension on the top of the control rod drive
mechanism housing might become loose and be forced upward by the water jet. The following
sequence of events is then assumed.

The drive shaft and control rod cluster are forced out of the core by the differential pressure
of 2250 psi across the drive shaft. The drive shaft and control cluster, latched together, are
assumed fully inserted when the accident starts. After approximately 12 feet of travel, the rod
cluster control spider hits the underside of the fuel assembly upper support plate. Upon impact,
the flexure arms in the coupling joining the drive shaft and control cluster fracture, completely
freeing the drive shaft from the control rod cluster. The control cluster would be completely
stopped by the upper support plate; however, the drive shaft would continue to be accelerated
upward until stopped by the missile shield.

Valve stems are not credible sources of missiles. All the isolation valves installed in the
reactor coolant system have stems with a back seat. This effectively eliminates the possibility of
ejecting valve stems even if the stem threads fail. Analysis shows that the back seat or the upset
end would not penetrate the bonnet. Additional interference is encountered with air- and
motor-operated valves.

Valves with nominal diameter larger than 2 inches in high-pressure systems have been
designed against bonnet-body connection failure and subsequent bonnet ejection by means of:

1. Using the design practice of ASME Section VIII (1968) for bolting.

2. Using the design practice of ASME Section VIII (1968) for flange design.

3. Controlling the torque load during the bonnet-body connection stud-tightening process.

The pressure-containing parts of these valves are designed to Class I requirements
established by the USAS B16.5 (1968), Steel Pipe Flanges and Flanged Fittings.

The proper stud torquing procedures and the use of torque wrenches limit the stress of the
studs to the allowable limits established in Section VIII of the ASME Code. This stress level is far
below the material yield. The complete valves are hydrotested per USAS B16.5 (1968). The
stainless steel bodies and bonnets are volumetrically and surface tested to verify soundness.

Valves with nominal diameter of 2 inches or smaller are forged, and have screwed bonnet
with canopy seal. The canopy seal is the pressure seal, while the bonnet threads are designed to
withstand the hydrostatic end force. The pressure-containing parts are designed to criteria
established by USAS B16.5 (1968).

While valve missiles are not generally postulated, for the reasons discussed above, the
valves in the region where the pressurizer extends above the operating floor are exceptions. Valves
in this region include the pressurizer safety valves, the motor-operated isolation valves in the
relief line, the air-operated relief valves, and the air-operated spray valves. Although failure of
these valves is also incredible, failure of the valve bonnet-body bolts is postulated, and provisions
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made to ensure integrity of the containment liner from the resultant bonnet missile. To the extent
practical, all valves are also oriented such that any missile will strike a barrier.

The only credible source of jet-propelled missiles from the reactor coolant piping and
piping systems connected to the reactor coolant system is that represented by the temperature and
pressure sensor element assemblies. The resistance element assemblies can be of two types: “with
well” and “without well.” Two rupture locations have been postulated: around the weld (or thread)
between the temperature assembly and the boss for the “without well” element, and the weld (or
thread) between the well and the boss for the “with well” element.

A temperature sensor element is installed on the reactor coolant pumps close to the radial
bearing assembly. A hole is drilled in the gasket and sealed on the internal end by a steel plate. In
evaluating missile potential, it is assumed that this plate breaks and the pipe plug on the external
end of the hole becomes a missile.

In addition, it is assumed that the welded joint fails and the well and sensor assembly
becomes a jet-propelled missile.

Finally, it is assumed that the pressurizer heaters become loose and become jet-propelled
missiles.

3.5.2 Typical Characteristics of Missiles Postulated Within Reactor Containment

The missile characteristics of the control rod drive mechanism housing cap and extension,
the control rod drive shaft, and the control rod drive shaft latched to the drive mechanism are
given in Table 3.5-1. These velocities have been calculated by equating the increase in the missile
momentum to the decrease in jet momentum. The reactor coolant discharge rate from the break
has been calculated using the Burnell equation (Reference 1). The coolant pressure has been
assumed constant at the initial value. No spreading of the water jet has been assumed.

The missile characteristics of the bonnets of the valves in the region where the pressurizer
extends above the operating floor are given in Table 3.5-2.

The missile characteristics of the piping temperature sensor element assemblies are given in
Table 3.5-3. A 10-degree expansion half-angle water jet has been assumed. The missile
characteristics of the piping pressure element assemblies are less severe than those presented in
Table 3.5-3.

The missile characteristics of the reactor coolant pump temperature element, the
instrumentation well of the pressurizer, and the pressurizer heaters are given in Table 3.5-4. A
10-degree expansion half-angle water jet has been assumed.

3.5.3 Design Evaluation for Missiles Postulated Within Reactor Containment

The principal design basis is that missiles generated in coincidence with a LOCA shall not
cause loss of function of any engineered safety features, or loss of containment integrity.
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The missile barriers in the containment are designed to resist the missiles assumed in
Section 3.5.2.

The barriers are designed so that they will not be penetrated by the postulated missiles. The
steam generator shell is also ample to resist penetration of the postulated missiles.

A missile shield structure is provided within 1 inch (hot) of the top of the control rod drive
mechanisms to block any missiles that might be associated with a fracture of the pressure housing
of any mechanism. This shield is a 20-inch-thick concrete slab with 1-inch steel facing. It is
located close to the mechanisms to limit the acceleration and momentum of the ejected missiles,
to limit the movement of the drive shaft, to minimize the probability of missiles missing the shield
and striking the containment liner, and to minimize the probability of missiles ricocheting and
damaging other control rod drive mechanism housings.

This missile shield will stop any missiles associated with the rupture of a control rod drive
mechanism housing. The worst missile case involves the housing cap and extension, followed by
the drive shaft.

To protect against valve bonnet missiles postulated in the region where the pressurizer
extends above the operating floor, a barrier surrounds that part of the pressurizer. This barrier will
stop the postulated missiles.

The ability of reactor cubicle walls and the operating floor to stop missiles is evaluated for
the postulated instrumentation assembly and pressurizer heater missiles. Generally, the minimum
thickness of the reactor cubicle walls and the operating floor is 2 feet of concrete. Calculations
based on this thickness and the given missile characteristics show that the critical velocity
required to penetrate is at least twice the maximum calculated velocity.

Interior missile forces were not included in the design criteria of the containment liner plate.
The placement of missile barriers is a basic design consideration. Interior concrete structures have
been evaluated for a variety of interior missiles. Because of these analyses, and the placement of
local barriers, the liner is not endangered by missiles.

Interior jet forces were not included in the design of the containment shell. Jet forces on the
inside face of the containment shell could occur, since failure of main steam or feedwater lines in
the annular space between the crane wall and the containment shell are now postulated. The
steel-lined, 4 ft. 6 in. reinforced-concrete wall of the containment shell will not be penetrated by
jet impingement loads from these high-energy lines.

All missile barriers are also designed to withstand the dynamic impact loads. The energy
method (Reference 2), the momentum method (Reference 3), or an empirical method
(Reference 4) is used.

A large section of 3/8-inch-thick liner was analyzed for the maximum temperature that
could be imposed due to a nearby main steam line break. Since buckling of the liner is the most
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likely and least desirable effect, the analysis was performed using an elastic-plastic large
deformation computer code, MARC.

Based on this method, it was shown that the anchor stud spacing of 12 inches is sufficient to
restrain the plate from buckling. The total equivalent plastic strain was shown to be about
0.004 in./in. for a maximum liner temperature of 560°F due to jet impingement. The out-of-plane
deflections are much less than the plate thickness.

3.5.4 Design for Missiles Postulated Outside of Reactor Containment

The North Anna Power Station site is approximately 26 miles from the nearest
commercially serviced airport at Fredericksburg, Virginia. The closest major airport is the Orange
County Airport, 18 miles from the station site. The site is not on the normal approach path to
either of these air fields. Commercial aircraft pass at a horizontal distance of 1.5 miles from the
site. The only aircraft that potentially would overfly the plant site would be private aircraft
operating on local flight plans. Private aircraft are usually small, lightweight aircraft used for
recreational purposes, and do not pose any threat to the North Anna site.

As stated in Section 3.3.2, five tornado-generated missiles have been evaluated. They are:

1. Missile equivalent to a wooden utility pole 40 feet long, 12 inches diameter, with a density of
50 lb/ft3 and traveling in a vertical or horizontal direction at 150 mph.

2. Missile equivalent to a 1-ton automobile traveling at 150 mph.

3. 1-inch solid steel rod, 3 feet long, with a density of 490 lb/ft3.

4. 6-inch Schedule 40 pipe, 15 feet long, with a density of 490 lb/ft3.

5. 12-inch Schedule 40 pipe, 15 feet long, with a density of 490 lb/ft3.

The design velocity of 150 mph for the postulated 40-foot-long, 12-inch-diameter utility
pole tornado missile is based on engineering judgement, after a comprehensive review of tornado
case histories. The velocity assumption is substantiated by data presented in General Electric
Report APED-5696 (Reference 5); from Figure 15 of that report and associated formulas, this
size utility pole would have a characteristic parameter value of 0.0254, assuming a drag
coefficient of unity, and would attain a velocity of approximately 140 fps or 95 mph during a
300-mph tornado. Adding together the 300-mph rotational velocity and the 60-mph translational
velocity of the design tornado increases the wind speed to 360 mph and the missile speed to
approximately 130 mph. Since skin friction along the utility pole would reduce the speed to less
than 130 mph, the proposed design velocity of 150 mph is considered to be conservative.

Tornado missile protection is provided to protect the safety-related structures, systems, and
components indicated in Table 3.2-1. Tornado-protected structures are provided with at least
2-foot-thick heavily reinforced concrete as described in Section 3.3.2.
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The analytical techniques used to design missile-protected structures consist of the use of
ballistic formulas. The Ballistic Research Laboratories formula is cited on page 15.2.3-3 of the
PSAR. The selection of this formula as the basis for structural analysis and design of
missile-protected structures was based on an engineering evaluation after review of available data
on the effects of missile impact. Other formulas have also been cited and used to substantiate this
analytical basis.

Analysis of the barrier thickness of heavily reinforced concrete required to prevent
perforation by the utility pole indicates that 18.6 inches are required. This thickness is calculated
as follows:

1. Determine penetration into an infinite barrier by Equation 4.1.14 and Equation 4.1.15 from
the Ammann and Whitney report (Reference 6).

2. Determine thickness of concrete for the missile to just perforate it by Equation 30 from R.
Gwaltney (Reference 7).

Similar calculations for missiles 3, 4, and 5 traveling at 200 mph give the following results:

These results demonstrate that the utility pole is the most critical missile. Structures,
systems, and components protected against the utility pole will also be protected from any
credible missile.

None of these missiles would penetrate the reactor containment. The effect of missiles on
stored fuel in the spent-fuel pit is discussed in Section 9.1.2. A list of structures that are designed
to resist the impact of tornado missiles is presented in Table 3.2-1.

Secondary missiles resulting from missile impact on barriers or structures have very low
energies in all cases studied, and present no hazard.

If secondary missiles develop, the fragments would be localized. All safety-related
equipment is redundant and physically separated to the extent practicable, so that localized
secondary missiles will not impair the required safety feature action.

3.5.5 Missiles from Compressed Gas

The location, marking, fabrication, testing, and inspection of tanks and cylinders containing
compressed gases are in compliance with Subparts H and M of 29 CFR 1910, Occupational
Safety and Health Administration.

Missile
Concrete Thickness Required

to Prevent Perforation

 1-in. solid steel rod, 3 ft. long, 490 lb/ft3  4.1 in.

 6-in. Schedule 40 pipe, 15 ft. long, 490 lb/ft3 11.4 in.

12-in. Schedule 40 pipe, 15 ft. long, 490 lb/ft3 18.5 in.
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Since the cylinders are equipped with pressure relief valves that are set below the design
pressure, the possibility of excessive pressure buildup is precluded.

Table 3.5-5 indicates the operating pressure, vessel location, and energy release of a
representative sample of cylinders containing compressed gases. The energies listed in
Table 3.5-5 are based on the adiabatic expansion of the compressed gases. In the event of a
localized failure, such as a valve stem, the compressed gas bottles will not become
rocket-propelled missiles, since they are secured in racks. Also, in the primary gas storage area,
concrete block walls separate racks of different gases.

The location of the gas storage facilities in relationship to equipment essential for initiating
and maintaining a shutdown precludes the possibility of interaction in the event of an incident.
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ORNL-NS1C-22, September 1968.
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Table 3.5-1
CONTROL-ROD DRIVE MECHANISM - MISSILE CHARACTERISTICS

Missile Description Weight (lb)
Travel Outside 
Housing (in.)

Velocity 
(ft/sec)

Kinetic 
Energy (ft-lb)

Extension and cap 80 1 39.2 1900

Drive shaft 120 1 175.8 57,500

Drive shaft latched 
to drive mechanism

1500 1 8.7  1760
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Table 3.5-3
PIPING TEMPERATURE ELEMENT ASSEMBLY - MISSILE CHARACTERISTICS

1. For a tear around the weld between the boss and the pipe:

Characteristics Without Well With Well

Flow discharge area, in2  0.11  0.60

Thrust area, in2 7.1 9.6

Missile weight, lb 11.0 15.2

Area of impact, in2  3.14  3.14

Missile Weight

Impact area, psi  3.5 4.84

Velocity, fps 20 120

2. For a tear at the junction between the temperature element 
assembly and the boss for the “without well” element, and at 
the junction between the boss and the well for the “with well” 
element:

Characteristics Without Well With Well

Flow discharge area, in2  0.11  0.60

Thrust area, in2  3.14  3.14

Missile weight, lb.  4.0 6.1

Area of impact, in2  3.14  3.14

Missile Weight

Impact area, psi  1.27  1.94

Velocity, fps 75 120
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Table 3.5-4
CHARACTERISTICS OF OTHER MISSILES POSTULATED WITHIN REACTOR 

CONTAINMENT

Reactor Coolant Pump
Temperature Element

Instrument Well
of Pressurizer Pressurizer Heaters

Weight, lb  0.25 5.5 15

Discharge area, in2 0.50 0.442 0.80

Thrust area, in2  0.50 1.35 2.4

Impact area, in2  0.50 1.35 2.4

Missile Weight

Impact area, psi  0.5 4.1 6.25

Velocity, fps 260 100 55
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3.6 CRITERIA FOR PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED 
WITH A LOSS-OF-COOLANT ACCIDENT

The containment structure and all essential equipment within the containment is adequately
protected against the effects of blowdown jet forces and pipe whip resulting from a postulated
pipe rupture of reactor coolant, main steam, and feedwater lines. Appropriate protective measures
are also used as required to mitigate the consequences of postulated breaks in other high-energy
piping.

3.6.1 Acceptance Criteria

The criteria for adequate protection permit limited damage when analysis or experiment
demonstrates that:

1. Leakage through the containment will not cause offsite doses to exceed the limits specified in
10 CFR 50.67.

2. The minimum performance capabilities of the engineered safety features (ESF) systems are
not reduced below those required to protect against the postulated break.

3. A pipe break that is not a loss of reactor coolant will not cause a loss of reactor coolant, or
steam- or feedwater-line break. Also, a reactor coolant system pipe break will not cause a
steam or feedwater system pipe break.

3.6.2 Protection Approaches

Protection is provided by a combination of the following approaches.

3.6.2.1 Placement of Piping and Components

The routing of pipe and the placement of components minimize the possibility of damage.

The polar crane wall serves as a barrier between the reactor coolant loops and the
containment liner. In addition, the refueling cavity walls, various structural beams, the operating
floor, and the crane wall enclose each reactor coolant loop in a separate compartment; this
prevents an accident, which may occur in any loop, from affecting another loop or the
containment liner. The portions of the steam and feedwater lines within the containment have
been routed behind barriers that separate these lines from all reactor coolant piping except for
connection to the steam generator. These barriers can withstand loadings caused by pipe rupture
forces.

3.6.2.2 Movement-Limiting Restraints and Jet Barriers

Where the careful layout of piping and components cannot offer adequate protection against
the dynamic effects associated with a postulated pipe rupture, restraints to prevent excessive pipe
movement or special jet impingement shielding are provided to the extent practical.
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Restraints offer good supplemental protection because pipe displacements are minimized
and large kinetic energies are prevented. The placement of the restraints prevents excessive pipe
displacements in the event of either a longitudinal split or circumferential break.

3.6.2.3 Augmented Inspection

In specific instances where the installation of restraints or shields is not practical, adequate
assurance of protection is provided by an augmented inservice inspection program on specific
welds selected on the basis of pipe stress analysis.

The augmented inservice inspection will comply, to the extent practical within the
limitations of design, geometry, and materials of construction of the components, to the
requirements in those editions of Section XI of the ASME Boiler and Pressure Vessel Code and
addenda required for the reactor coolant system. The frequency of the augmented inservice
inspection has been increased by an order of magnitude over that required by Section XI of the
ASME Boiler and Pressure Vessel Code, dated January 1970, so that each weld will be inspected
three times during each 10-year inspection interval.

The augmented inservice inspection program applies to the following piping runs:

1. Unit 1 pressurizer spray line

2. Unit 2 pressurizer safety valve, normally pressurized, inlet lines

3.6.2.4 Locations of Postulated Pipe Breaks

The probability of rupturing a primary coolant pipe is extremely small as demonstrated by
the study based upon leak-before-break (LBB) technology reported in Westinghouse
WCAP 11163/11164, Technical Bases for Eliminating Large Primary Loop Pipe Rupture as a
Structural Design Basis for North Anna Units 1 & 2, August 1986 and supplement 1 to the same
WCAP in January 1988. The NRC has approved the use of LBB, as allowed by an amendment to
General Design Criteria 4, in License Amendment Nos. 107 and 93 for North Anna Units 1 and 2,
respectively. The amendment to General Design Criteria 4 of Appendix A to 10 CFR 50 dated
October 27, 1987, permits the use of LBB on the primary coolant pipe and allows the removal of
the pipe rupture restraints and shields designed to mitigate the effects of primary coolant loop
breaks. Thus, the dynamic effects associated with postulated ruptures of the reactor coolant loop
piping are excluded from the design basis.

For analyzed piping in the containment other than primary coolant loop pipe, break location
and orientation criteria are as stated in Section 3A.46, defining the extent of compliance with
Regulatory Guide 1.46. Stress analysis of this piping (designed to ANSI B31.7-1969) is based on
criteria and procedures specified in the ASME Boiler and Pressure Vessel Code, Section III-1971,
which satisfies all the requirements of B31.7-1969.
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3.6.2.5 Methods of Analysis

Analyses were performed for pipe impact and jet impingement. In addition, major
equipment supports were analyzed to ensure adequacy under postulated pipe rupture loads
transmitted by attached piping.

For the purpose of design, unless otherwise stated, the pipe break event is considered a
faulted condition, and the pipe, its restraint or barrier, and the structure to which it is attached are
designed accordingly.

For plastic deformation in code-related components, calculations comply with ASME
Section III (1971), Paragraph NB-3225. Restraints and energy-absorbing materials that require
plastic deformation are based on 50% of ultimate strain and 50% of material capacity,
respectively.

The forces associated with both longitudinal and circumferential ruptures are considered in
the design of supports and restraints to ensure continued integrity of vital components and
engineered safety features. The break area for both postulated break types is the cross-sectional
area of the pipe. The break length for the postulated longitudinal break is assumed equal to twice
the pipe diameter.

The analysis takes advantage of limiting factors on the blowdown thrust force, such as line
friction, flow restrictors, pipe configuration, etc.

3.6.2.5.1 Jet Impingement Forces

Calculation of the total jet force from a postulated rupture is based on Moody’s theoretical
model (References 1, 2 & 3) and Fauske’s experimental data (Reference 4). It is assumed that the
retarding action of the surrounding air on the jet is negligible, and the total jet force is constant at
all locations. The jet impingement pressure on a distant object is computed by assuming that the
jet stream expands conically at a solid angle of 20 degrees.

For impingement normal to a surface, the jet impingement force on a distant object is equal
to the product of the jet impingement pressure and the intercepted jet area. If the object intercepts
the jet stream with a curved or inclined surface area, the drag force between the jet and the object
is used as the jet impingement force.

3.6.2.5.2 Jet Thrust (Forcing Function)

Because the energy balance model was used in the pipe whip restraint analysis, a
steady-state jet thrust was used. The value of the force was:

F = PA
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where:

P = design pressure

A = pipe area

Present criteria require amplification factors of:

1. 1.25 for saturated steam, water, and steam/water mixture.

2. 2.00 for subcooled water (nonflashing).

Although these amplification factors were not used, the restraint designs are adequate,
since:

1. The above amplification factors are ideal theoretical values. In practice, friction reduces their
value.

2. The amplification factors are for long-term steady state. During the period of pipe
acceleration and restraint impact, the force has not built up to the above values. As the peak
reaction loads during impact are well in excess of the above forces, the restraints will support
these forces when they finally build up to steady-state values.

3. The restraints as designed have a large margin of safety because the permissible limits on
strain have not been approached.

For the main steam and feedwater restraints, samples of lumped parameter dynamic
analyses indicated that no forcing function multiplier is required to account for rebound. A
detailed analysis for a main steam line restraint justifying this position is given in Section 3.6.3
below. For all other pipe rupture restraints designed by the energy balance method, a multiplier of
1.2 was used to establish the magnitude of the forcing function.

3.6.2.5.3 Summary of Results of Analyses

A summary of the analyses is provided in Reference Drawings 1 through 4 and
Figures 3.6-1 through 3.6-12.

All restraints are designed to constrain pipe motions in all directions except parallel to the
axis of the pipe. Drawings of typical main steam and feedwater pipe restraints are shown in
Reference Drawings 1 and 2; the locations of these restraints are shown in Reference Drawings 3
and 4.

Fatigue cumulative usage factors were not calculated for the main steam and feedwater
lines. The break locations were postulated on the basis of stress using the criteria discussed in
Section 3.6.3. These stresses are presented in graphical form in Figures 3.6-1 through 3.6-12.



Revision 43—09/27/07 NAPS UFSAR 3.6-5
 

3.6.2.5.4 Design of Pipe Whip Restraints

The restraints are designed with a gap sufficient to prevent interference with the normal
thermal and dynamic motion of the lines. This permits the pipe to acquire kinetic energy, which
must be dissipated upon impact into the restraint. This energy was conservatively set equal to the
product of peak thrust force times displacement. No energy dissipation mechanisms operating
prior to impact, such as plastic deformation in the pipe, were considered. Static, elastic-plastic
analyses of the deformation of the restraints and bolts provided the force displacement
characteristics of the restraints. The area (energy) under this force-displacement curve was
matched to the kinetic energy of the impacting pipe to determine the deformation and the
equivalent static load. In view of the conservatism of the energy input assumptions and the use of
calculations that do not take credit for other energy dissipation mechanisms such as pipe
deformation, this approach is conservative.

3.6.2.5.5 Equipment Supports

The internal structural system of the containment is designed to mitigate loading caused by
rupture in the main reactor coolant lines and the main steam and feedwater lines. Incident rupture
is considered in only one line at a time. The support system is designed to preclude damage to or
rupture of any of the other lines as a result of the incident. The snubber and key systems are
designed to transfer rupture thrusts on the steam generator to the internal structural system. The
reactor, steam generator, pressurizer, and reactor coolant pumps supports are discussed in detail in
Section 5.5.9.

3.6.3 Sample Problem

The original analyses of the main steam and feedwater pipe whip restraints inside the
containment were based on the energy balance method. The results of those analyses indicated
that the restraint which would be most highly deformed as a result of pipe impact was attached to
the top of the crane wall near an elbow in a main steam line. The analytical method and results for
this restraint are provided in Section 3.6.3.1. A new analysis, using a lumped-parameter analysis
model, is also presented to prove that this “worst-case” restraint is satisfactory when analyzed to
the new criteria.

The physical arrangement of the restraint and pipe is shown in Figure 3.6-13.

For a circumferential break at one end of the elbow, the pipe is thrust against the restraint,
pulling it away from its embedment. A 1-inch gap between the pipe and restraint is ensured by the
placement of shims while the pipe is in the hot position.

3.6.3.1 Energy Balance Model (Original Method)

The pipe-restraint interaction was analyzed using an energy balance method in which the
work done by the blowdown thrust was equated to the strain energy of the deformed restraint. The
solution provided the peak reaction load in the restraint and the strains in the component parts of
the restraint.
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The work done by the blowdown thrust is the product of force times distance:

Ei = F(g + x)

where:

Ei = energy input

F = blowdown thrust

g = pipe restraint gap

x = restraint deflection at impact point for the blowdown thrust

F = pA

where:

p = design pressure

A = π ri
2 = break area

Thus:

where:

Po = initial pressure

ri = pipe inside diameter

This is shown in Figure 3.6-14 for several gap dimensions. Since shims were used to ensure
a 1-inch gap between the restraint and the pipe in the hot position, only one of these curves is
applicable to the actual design.

The basis for the energy absorption characteristics of the restraint was a multi-stage static
stress analysis. The force-deflection properties of the restraint were determined using the
mathematical model shown in Figure 3.6-15. Initially, all members were considered elastic, and a
load was applied in the radially outward direction. The first region to yield was the arch structure
at the point of load application. The restraining structure remained fully elastic up to 900 kips.

At yield, the mathematical model was modified by placing a pin at the node where the
plastic hinge had formed. A moment, corresponding to the fully plastic moment across this
section, was applied across the pin. This moment remained constant throughout the remaining
analysis; strain hardening was not considered. The load applied to this model was gradually
increased until the bolts holding the restraint to the embedment yielded at 1300 kips.

Ei π Po ri
2 g x+( )=
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The mathematical model was again modified to reflect the plastic properties of these long
stainless steel bolts. For the bolts, which deform in simple tension, strain hardening was
considered. These are the only components in which strain hardening was considered during the
analysis of all the restraints.

The result of this multi-stage analysis for a radially outward load applied to this main steam
pipe whip restraint is the force-deflection curve of Figure 3.6-16. Other curves were derived in a
similar manner for all the restraints. In each case, three loading conditions were considered:
radially outward, tangential to the base, and outward at 45 degrees to the base.

By integrating the force-deflection curve, the strain energy-deflection relationship for this
restraint was determined (Figure 3.6-17). Superimposed on this figure is the energy input curve
for a 1-inch gap, as shown in Figure 3.6-14. From this graphical presentation, it is readily seen
that the energy absorbed by strain energy in the restraining structure equals the energy input by
the blowdown thrust at a deflection of 1.6 inches. For this deflection, the maximum strain in the
arch portion of the restraint is 0.004, and 0.044 in the bolt. These are 2% and 10% of the uniform
ultimate strain of the materials used in these two locations. This is well below the allowable limit
of 50% of uniform ultimate strain, and indicates the large degree of conservatism even in this
worst-case restraint.

3.6.3.2 Lumped-Parameter Model

The same restraint was reanalyzed using a lumped-parameter analysis model. The solution
involved a three-step analysis. The first step determined the time history of the blowdown force.
The next computed the local crushing resistance of the pipe at the restraint. The last step involved
the elastic-plastic dynamic analysis of the pipe-restraint system.

3.6.3.2.1 Time-Dependent Blowdown Forces

The blowdown forcing function for use with the lumped-parameter elastic-plastic dynamic
analysis was derived for the specific break being analyzed (Figure 3.6-18).

Steam was treated as an ideal, single-phase gas with a constant specific heat ratio (alpha) of
1.3. Except for the case of steady-state blowdown flow, the flow was assumed to be isentropic
with negligible pipe friction for the prediction of the transient-state forcing function. A graphical
characteristic method due to DeHaller (Reference 5) was used to construct the state (u, c) and
physical (x, t) diagrams; the result was then used to calculate the forcing functions.

For the calculation of the steady-state blowdown forcing function, the friction losses, such
as pipe friction, were taken into consideration.

Although the pipe has numerous bends and straight segments, it was regarded as straight
pipe of total length L (which is the sum of lengths of the bends and straight segments) for the
one-dimensional fluid mechanics analysis. The corresponding blowdown end reaction forces may
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be superimposed on the actual pipe layout to provide segmented time-dependent loads for pipe
dynamic analysis.

The analysis of the transient-state forcing function was based on the method of
characteristics. A general description of the method can be found in most gas dynamics textbooks
(References 6 & 7). A graphical method by DeHaller was used to construct the state and physical
diagrams for steam discharge via a pipe from the steam manifold. The details can be found in
References 5, 6, and 7. The result was then used to calculate the transient-state forcing functions.

Immediately following the break, a decompressive wave travels into the pipe towards the
manifold. The fluid in front of the wave is at a state:

u = o

C = Co

where u = velocity of the fluid, C = speed of sound. The fluid state behind the wave is at the
sonic condition, since the initial pressure was sufficiently high (Reference 8):

, for γ = 1.3

The blowdown force can be calculated as:

The pressure ratio across the wave is:

and the density ratio:

Therefore the blowdown force can be reformulated as:

For frictionless flow, the blowdown force is constant until a return signal from the pressure
source reaches the break. The approximate duration for this initial blowdown force extends
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(Reference 3) from LB/Co to 1.6L/C. After that time interval, the fluid state at the exit changes
gradually to its steady-state value.

When the wave reaches the manifold, it is reflected as a compression wave. The boundary
condition at the pressure reservoir lies on the steady-state ellipse.

which is the energy equation applying across the vessel to the pipe inlet.

The boundary condition for this case is:

where i refers to the state at inlet to the pipe.

If the steady state is reached, the flow in the pipe is uniform, and if the pressure in the
pressure vessel remains high, the boundary condition at the break always lies on the sonic line

. Then, from the critical flow condition,

and the steady-state blowdown force with  = 0 is:

=

In actual application, the friction loss is taken into account for predicting the steady-state
blowdown force. For most cases, friction losses severely affect the steady-state blowdown thrust.
A curve for steady-state blowdown with friction (Figure 3.6-19) was derived as follows.

Assuming a dimensionless pipe length  and with friction factor f ≈ 0.01.
Then:
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The friction factor, f, is a function of two parameters:

1. Re - Reynolds number of the flow.

2. E/D - relative surface roughness of the pipe.

The effect of these two parameters on the friction factor for any kind and size of pipe can be
found in the Pipe Friction Manual (Reference 9).

For a very high-flow Reynolds number, such as flowdown flow due to pipe rupture, the
friction factor becomes constant for a given E/D. For a 30-inch i.d. commercial steel pipe, the
relative roughness, E/D, is 0.00006; therefore f = 0.01.

From tables for Fanno (Reference 10) line with γ = 1.3, the inlet Mach number is:

Mi ≈ 0.6

With inlet Mach number = 0.6, the stagnation pressure at the exit plane, where the flow is
accelerated to a Mach number of unity due to friction effect, is:

 or Po*

and the critical pressure at the exit plane, where the flow is changed due to friction, is:

where  was obtained from the isentropic flow table (Reference 10).

The blowdown force at the exit plane can be obtained from the impulse function of the
table:

and the impulse function Fi is:

Therefore, the blowdown force is:

Repeated use of the above formulas results in the steady-state blowdown curve
(Figure 3.6-19).
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Based on the above analysis, the blowdown forcing function at bend number 1 was
calculated (Figure 3.6-20). Since the line is fixed at the penetration, forcing functions at the other
elbows were not needed to compute the pipe whip.

3.6.3.2.2 Local Pipe Indentation

The local stiffness of the pipe was obtained by means of a large-displacement,
elastic-plastic analysis using the MARC program (Appendix II). MARC library Element 8, which
was used in this analysis, is an isoparametric curved triangular shell element based on
Koiter-Sanders shell theory. This shell element, developed by Dupuis (References 3, 11 & 12), is
a generalization of shell elements derived from basic functions of polynominal form corrected by
rational functions.

The nine degrees of freedom associated with each node are three global displacements and
their six derivatives with respect to two Gaussian coordinates. MARC Element 14, used to obtain
the beam deflection, is a simple, closed-section, straight-beam element. Six degrees of freedom,
three global displacements and three rotations, are associated with each node. The elastic-plastic
analysis follows the Prandtl-Rouss equations with isotropic strain hardening. The
large-displacement analysis makes use of a Lagrangian (initial coordinate) frame of reference and,
therefore, the fundamental stress and strain measures are Kirchoff stress and Lagrange strain.

Figure 3.6-21 shows this force-local indentation relation obtained from 31-element mesh,
and that obtained from the 16-element mesh. The finer mesh produces a force-local indentation
relation which is slightly less stiff. In general, refining the mesh size has this effect on stiffness. In
the present example, the results do not differ significantly, and the application of the higher
stiffness derived from the coarser mesh is conservative, since higher loads will be calculated.

When the pipe impacts on the restraint, the contact area is constant in length in the
longitudinal direction (Figure 3.6-22), and propagates in the circumferential direction as the
applied load increases. To stimulate this contact type of loading (with spreading load area):

1. Analyses were done for the pipe with several different loading areas.

2. Each loading was assumed to have a cosine distribution in the circumferential direction and a
qoxγ distribution in the longitudinal direction as shown in Figure 3.6-22 (γ may range
1.5 ≤ γ ≤1.8).

The coordinate system and the mesh for the quarter of the pipe (A-B-C-D) is shown in
Figure 3.6-23, with symmetric boundary conditions imposed along sides AB, BC, and CD.

For each different loading area, the nodal displacement in the loading direction (Z direction)
was plotted against the increasing total load. A special loading (Pc) obtained from this figure is
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said to be the contact loading, which produces a contact area the same as this given loading area,
when Pc minimizes the quantity e, where:

Z* = Z + W

Z = r (1 - cos ø)

is the distance of any point in the loading area (such as Q) to the vertex point (such as B)

W = the displacement of that point in the loading direction

*= average of *

The average displacement ( ) for Pc is then obtained from the energy principle, i.e.,

Pc  =

The (Pc, ) pairs obtained for different loading areas can then be plotted to obtain the P-W
curve for this pipe. To proceed further, the beam deflection, which can be obtained by using
MARC library Element 14, may be subtracted from  to obtain a force-local deformation
relation for the pipe (Figure 3.6-24). An element with these properties was used to join the
beam-element pipe with the restraint in the lumped-parameter analysis model.

It is somewhat easier to understand the physical significance of the quantity “e,” as used
above, if a simpler geometry is examined. Consider the deformation of a pipe forced against a
rigid half-plane. The derivation of the force-deflection relation would be reasonably
straightforward if the two-body problem with changing contact geometry could be handled by the
computer code. However, only position-dependent pressure distributions may be applied in the
MARC code. Thus, a pressure function with a distribution and magnitude that causes the pipe to
become flat over a given area must be determined. The quantity “e” is a measure of the difference
between the desired contact geometry (flat) and the calculated geometry resulting from an
arbitrary pressure distribution. The objective is to minimize the error “e” by varying the pressure
function. The procedure used to obtain the pressure-local deformation is as follows:

1. The pipe is first modeled with a constant loading area, and several different pressure
distribution patterns are assumed.

2. The deformation of the pipe model with one of the pressure distributions is then computed as
the magnitude of the pressure is increased by increments. For each load, the quantity “e” is
calculated. This procedure is repeated for all assumed load distributions.

3. The total load, obtained by integrating the pressure over the loading area, and the average
deformation are then calculated for the load distribution and magnitude that yields the
smallest “e.” Thus, one point on the force-deflection curve is obtained.

e Z*- Z*
Z*

-----------------∑=

Z Z

W

W p W d A
A
∫

W

W
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This exercise is repeated for several loading areas to generate the total force-deflection
relation. By subtracting the beam deflection from the total deformation, the local
force-deformation relation is obtained.

3.6.3.3 Lumped-Parameter Dynamic Analysis

The mathematical model of the piping system is shown in Figure 3.6-25. Initially, the pipe
is stressed by internal pressure, but remains in static equilibrium. This is simulated in the
mathematical model by applying forces where the pipe is curved, such as at the elbows.

For a circumferential break, as the crack propagates, the load-carrying metal area of the pipe
decreases so a force unbalance results. The load in the pipe at the break is assumed to drop
linearly to zero in 1 millisecond. After the break, the forces exerted on the pipe by the fluid are
determined by the time-dependent blowdown force. The force was applied to the mathematical
model as shown in Figure 3.6-26.

Pipe motion following rupture is analyzed by the use of an elastic-plastic lumped-mass
beam element computer code called LIMITA II, described in Section 3.7.2.7. The analysis is
divided into two stages, the first being the free motion of the pipe through the gap. The
mathematical model is then modified to include the restraint and the connecting member
simulating the local crush resistance of the pipe.

The rebound of the pipe is determined by the sign of the force in the member connecting the
pipe and restraint in the mathematical model. Therefore, the rebound effects are considered by
connecting and disconnecting that member for impact and rebound, respectively. Most of the
analyses that have been done indicate no rebound occurred.

The pipe positions before break and at maximum deflection are shown in Figure 3.6-26.
The pipeline is plastic from joint 4 to joint 8. The velocity at the impact point is 30 ft/sec; the
kinetic and strain energies of the pipe are 840 in.-kips and 228 in.-kips, respectively. After impact,
the loading history of the pipe indentation member is shown in Figure 3.6-27. The impact point
becomes hinged at 820 kips and the bolts yield at 1060 kips. The pipe displacement at the impact
point reaches its maximum (1.35 inches at 1080 kips). It is noted that no rebound of this pipe
occurred throughout this period. The maximum strains in the arch portion and in the bolts were
0.003 and 0.006, respectively, corresponding to 1.5% and 1.3% of uniform ultimate strain.

3.6.4 Bolt Strain Calculational Differences

The major factors leading to the large differences in bolt strains are:

1. The blowdown load assumed in the “energy” method is larger than that in the “exact”
method. The force is assumed to be constant at its initial (maximum) value. “Exact” methods
use time-dependent, generally decreasing, force time histories.
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2. In the energy method, it is assumed that the total system energy is absorbed by the restraint
(mainly by the bolt), while the results of the “exact” method indicate that a significant
amount of the energy is absorbed by pipe deformation.
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3. 11715-FV-76A Pipe Break Restraints, Main Steam Piping, Sheet 1
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Figure 3.6-1 
MAIN STEAM LOOP A ANALYSIS: UNIT 1
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Figure 3.6-2 
MAIN STEAM LOOP B ANALYSIS: UNIT 1
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Figure 3.6-3 
MAIN STEAM LOOP C ANALYSIS: UNIT 1
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Figure 3.6-4 
FEEDWATER LOOP A ANALYSIS: UNIT 1
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Figure 3.6-5 
FEEDWATER LOOP B ANALYSIS: UNIT 1
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Figure 3.6-6 
FEEDWATER LOOP C ANALYSIS: UNIT 1
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Figure 3.6-7 
MAIN STEAM LOOP A ANALYSIS: UNIT 2
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Figure 3.6-8 
MAIN STEAM LOOP B ANALYSIS: UNIT 2
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Figure 3.6-9 
MAIN STEAM LOOP C ANALYSIS: UNIT 2
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Figure 3.6-10 
FEEDWATER LOOP A ANALYSIS: UNIT 2



Revision 43—09/27/07 NAPS UFSAR 3.6-26
 

Figure 3.6-11 
FEEDWATER LOOP B ANALYSIS: UNIT 2
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Figure 3.6-12 
FEEDWATER LOOP C ANALYSIS: UNIT 2
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Figure 3.6-13 
PIPE RESTRAINT SYSTEM
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Figure 3.6-14 
ENERGY FROM BLOWDOWN THRUST
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Figure 3.6-16 
RESTRAINT REACTION RADIAL OUTWARD LOAD
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Figure 3.6-17 
RESULTS OF ENERGY ABSORPTION METHOD
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Figure 3.6-18 
SCHEMATIC DRAWING OF STEAM LINE BREAK
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Figure 3.6-19 
THE STEADY STATE BLOWDOWN FORCES
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Figure 3.6-20 
FORCING FUNCTION AT BEND NO. 1
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Figure 3.6-22 
GEOMETRY FOR PIPE INDENTATION CALCULATION
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Figure 3.6-23 
MATHEMATICAL MODEL FOR PIPE INDENTATION



Revision 43—09/27/07 NAPS UFSAR 3.6-39
 

Figure 3.6-24 
IDENTIFICATION STIFFNESS OF 32 INCH PIPE
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Figure 3.6-26 
APPLICATION OF BLOWDOWN THRUST TO MATHEMATICAL MODEL
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3.7 SEISMIC DESIGN

3.7.1 Input Criteria

Seismic Class I structures, systems, and components that were designed to resist seismic
forces are listed in Section 3.2.1. The design was based on two separate criteria, the
operational-basis earthquake (OBE) and the design-basis earthquake (DBE), as described in
Section 2.5. Acceleration response spectra for each earthquake are given for bedrock ground
motion and for ground motion on soil overlying bedrock in Figures 2.5-11 through 2.5-14.

Damping factors for the structures, systems, and components are given in Section 3.7.2 and
Table 3.7-1.

All major soil-supported Seismic Class I structures are identified in Section 2.5.4; the depth
of soil over bedrock is given for each structure.

The elastic properties of the founding media at different locations in the site are given in
Section 2.5. The effect of foundation structure interaction was characterized by equivalent
foundation springs attached to multi-degree-of-freedom, lumped-mass models. For more recently
developed amplified response spectra, in lieu of modeling soil springs, soil structure interaction
was characterized by appropriate impedance and wave scattering functions as discussed in
Section 3.7.2.5. It is pointed out in Section 3.7.2 that reasonable variation of the elastic properties
of the foundation was considered to determine the dynamic response of the system. Foundation
parameters at this site were not sufficiently flexible to cause any filtering effect.

3.7.2 Seismic System Analysis

The earthquake ground motions are established in the form of response spectra for the
operational-basis earthquake and design-basis earthquake for lateral loading. The spectrum
intensity for vertical loading is assigned a value of two-thirds of the horizontal intensity for both
earthquake loadings. According to the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants, issued by the Atomic Energy Commission, the design-basis earthquake
corresponds to the safe-shutdown earthquake (SSE), and one-half the safe-shutdown earthquake is
analogous to the operational-basis earthquake in terms of relative ground motion intensity, but not
to the extent of structure, system, and component design. The derivation of these earthquakes and
the response spectra are discussed in Section 2.5.2. The combination of design loading conditions
with seismic loading and the allowable stress levels are given in Section 3.8.2.2.

The responses of the containment structure and other Seismic Class I structures to the
application of horizontal and vertical earthquake ground motions were originally determined by
the frequency response method. For the frequency response method, modeling of structures is
discussed in Sections 3.7.2.1 through 3.7.2.4. During original licensing, to demonstrate evidence
of conservatism with the frequency response method, the AEC requested a comparison of
amplified response spectra developed by the frequency response method with amplified response
spectra developed by the time history method. Appendix 13B provides the results of the review of
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seismic design adequacy that encompassed this comparison. In addition, Section 3.7.6 discusses
the seismic design validation with regard to containment mat seismic spectra.

Subsequent to the development and use of spectra from the frequency response method in
the original design, the time-history modal analysis method has been employed to determine the
amplified response spectra for North Anna structures. As noted above, the response spectra used
to validate the frequency response method were developed by the time-history modal analysis
method. As a result of NRC approval of ASME Code Case N-411 damping, new spectra were
developed, as noted in Section 3.7.3, using the same method. As part of the resolution of
Unresolved Safety Issue (USI) A-46, amplified response spectra were generated for several
structures using time-history modal analyses as discussed in Section 3.7.2.5.

As discussed in Reference 1 and in Section 3.7.3.1.1, for piping attached to two or more
structures, the differential movement of the structures is included in the seismic analysis of the
piping.

Overall conclusions regarding in-structure amplified response spectra are discussed in
Section 3.7.2.6.

3.7.2.1 Containment Dynamic Model

The dynamic models of the containment structure are shown in Figures 3.7-1 and 3.7-2.

The motion of the containment structure in the vertical direction is uncoupled from the
lateral and rotational motions, which made necessary the use of two dynamic models.

The horizontal dynamic model of the containment structure is shown in Figure 3.7-1. It
consists of a system of spring-connected lumped masses coupled to the subgrade by soil springs.
This multi-degree-of-freedom model was used to establish the free undamped vibrational
characteristics of the structural system.

Masses M1 through M8 represent the total mass of the outer structure, exclusive of a small
mass at the base of the shell, which is lumped with the mass of the mat M9. Mass moments of
inertia I1 through I8 represent the rotary inertia of masses M1 through M8 about their own centers
of gravity.

Translation and rocking spring constants K9 and K15, respectively, are included to
represent the subgrade. These constants are for a rigid circular base resting on an elastic half
space.

K8 (Translational) =  (Bycroft 1956) (3.7-1)

K14 (Rocking) =  (Borowicka 1943)

32 1 μ–( )GR
7 8μ–

--------------------------------

8 GR3

3 1 μ–( )
--------------------
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where:

G = shear modulus of subgrade

R = radius of foundation mat

μ = Poisson’s ratio of subgrade

The flexural characteristics of the cylinder and dome under inertial loading are determined
from beam theory, which accounts for distortion due to flexure and shear. Beam theory is valid,
since the shell cross sections do not distort appreciably under inertial loading. The spring
elements K1 through K8 shown in Figure 3.7-1 represent the outer structure. Springs K1 and K2
are for the dome; K3 through K8 are for the cylinder.

The internal structure is made up of the primary shield wall and the crane wall
interconnected by floors and radial walls. The lumped masses M10 through M14, representing the
internal structure and equipment, are also shown in Figure 3.7-1. The stiffness elements K10
through K14 are established from beam theory, which accounts for flexure and shear distortion.

To determine the free vibrational characteristics of the dynamic model, the modal equation
of a multi-degree lumped-mass system may be written using matrix notation as:

[F] [M] [q] =  [q] (3.7-2)

where:

[F] = square flexibility matrix

[M] = a diagonal mass matrix

[q] = column matrix of displacement for the nth mode

Wn = natural frequency in rad/sec for each mode

The solution of this equation determines the natural circular frequencies (Wn) for each
mode and the associated coordinate displacements (q).

The modal participation factors (p) are defined by the equations:

(3.7-3)

where:

i indicates the mass point

1
Wn

2
-----------

p
Miqi

r

i 1=

j

∑

Mi qi
r( )2 Ii qi

r( )2

i 1=

j

∑+
i 1=

j

∑
----------------------------------------------------------------=
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r indicates the mode

Ii indicates the mass moment of inertia of the mass i

Damped modal response is established for each mode from the following equation:

(3.7-4)

where:

A  = ith coordinate response for the rth mode

A  = damped spectral response for the rth mode

The total response at any point is determined by taking the square root of the sum of the
squares of the coordinate response for each mass for all significant modes:

A = (3.7-5)

where:

A = total response for mass point i for all significant modes

The dynamic model of the containment structure for vertical motion is shown in
Figure 3.7-2. The lumped masses are identical to those described for lateral motions. The
structural spring elements K1 through K8 and K10 through K14 represent the vertical
deformation characteristics of the structural elements. The soil spring Ks is determined from:

ks =  (Timoshenko and Goodier, 1951, Reference 2) (3.7-6)

Mode shapes, modal participation factors, and structural responses are determined by the
previously described method.

3.7.2.2 Dynamic Models of Other Seismic Class I Structures

The dynamic models of the Seismic Class I structures, described in Section 3.8.1, consist of
systems of generalized spring-connected lumped masses coupled to the subgrade by springs
derived from the rock or soil stiffness. The masses consist of floor, tributary walls and columns,
equipment, and piping.

Horizontal, vertical, rocking, and torsional spring constants represent the subgrade. These
constants were determined from consideration of the theory of elasticity relating to rigid plates on
an elastic half-space.

A
r
i

prq
r
i
A

r
s

=

r
i

r
s

A
1
i⎝ ⎠

⎛ ⎞ 2
A

2
i⎝ ⎠

⎛ ⎞ 2
. . . A

r
i⎝ ⎠

⎛ ⎞ 2
+ +

4  GR
1 μ–
--------------
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The floors are treated as rigid plates or diaphragms; the frames and diaphragm walls
transfer earthquake inertia forces to the foundation mat and subgrade. Beam theory, which
includes the effects of flexure and shear, is used to establish the stiffness characteristics of the
frame wall sections.

Free vibrational characteristics of the dynamic model, modal participation factors, damped
response, and total response at any mass point were determined from the general equations of
motion as described previously for the containment structure.

3.7.2.3 Seismic Analysis Methods and Criteria

The lumped masses of the analytical model of a Seismic Class I structure are chosen to
obtain a satisfactory representation of the dynamic behavior of the actual structure. In general,
masses are lumped at floor levels and incorporate the masses of the floor, tributary walls and
columns, equipment, and piping. The containment structure shell is divided into several segments,
and the translatory and rotary mass properties are computed with respect to the center of gravity
of the segments.

The mathematical dynamic models for all Seismic Class I structures include rocking
translational and torsional springs derived from elastic properties of the subgrade.

In a concrete structure, the amount of cracking affects the stiffness and damping, and hence
the response of the system. Cracking of the containment structure shell is expected due to the
internal pressure. Dynamic analysis of the containment structure is accomplished using two
dynamic models that represent cracked and uncracked containment structure shells. The cracked
shell model is consistent with the lower bound values of the stiffness properties of the structural
elements, while the uncracked shell model is consistent with the upper bound values.

The probable maximum values of moments, shears, etc., have a variation of approximately
10% between cracked and uncracked models. The probable maximum values are obtained by
modal superposition. The design is based on the higher of the two values.

Seismic Class I structures other than the containment structure are not subjected to internal
pressure; cracking is therefore assumed to be minimal.

The shear modulus for the rock on which the North Anna Power Station is founded has been
conservatively taken as 1,000,000 psi, based on measured shear wave velocities. Examination
shows that reasonable variations in this shear modulus have negligible effects on the frequencies
of the rock-supported structure and amplified response spectra. A variation of ±15% in the shear
modulus is considered reasonable. The shear modulus was obtained by computation from
measured compressional and transverse wave velocities as described in Section 2.4.

The change in the containment system frequencies for the variation of ±15% in the subgrade
shear modulus are tabulated below for eight of the 14 modes.
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For soil-supported structures, the shear modulus has been taken as 14,000 psi. This value is
changed by ±1/3 from the nominal value to allow for the range in variation in actual shear
modulus and for uncertainties in computing soil spring constants, virtual mass embedment, and
contact pressure distribution. The most conservative results are used for structure and equipment
design.

Amplified response spectra are generated for all Seismic Class I structures. The method
used to obtain amplified response spectra is described in detail in Section 3.7.2.4.

Seismic responses for all Seismic Class I structures are determined from the simultaneous
application of horizontal and vertical earthquake ground motions using a multi-mass dynamic
analysis procedure.

Seismic Class I structures may have natural torsional modes of vibration due to
eccentricities between the centers of rigidity and centers of mass of the structural elements. The
presence of eccentricities generates coupling between translational directions of motion, resulting
in torsion. Thus, a general three-dimensional model was set up, followed by a complete dynamic
analysis as described previously for the containment. The results of this analysis therefore include
torsional modes.

Overturning moments resulting from seismic effects on Seismic Class I structures are
determined by combining the inertia forces associated with the individual modes on the basis of
the square root of the sum of the squares.

The effect of vertical earthquake motion is considered to determine the maximum and
minimum vertical loads on the structure. Vertical seismic forces are determined by obtaining the
vertical inertia forces of individual modes and combining them as described above.

Modal Frequencies, cps

Mode G = 0.85 × 106 psi G = 106 psi G = 1.15 × 106 psi

1 5.18 5.213 5.25

2 5.49 5.52 5.52

3 12.50 12.54 12.57

4 15.65 15.71 15.74

5 24.62 24.87 25.06

6 29.59 29.67 29.70

7 34.64 37.15 39.08

8 36.63 38.46 40.41
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Figures 3.7-14 provide information about the mode frequencies and mode shapes of the
containment structure.

Appendix 13B compares the time-history method and the response spectrum method of
analysis. The following table shows a comparison between responses obtained by the two
methods.

The artificial time history used to generate these structural responses corresponds to the
design spectrum at structural damping of 5%. Smooth design spectrum at 5% damping was used
for the response spectrum method.

Structural damping is energy loss due to internal friction within the structural material and
at connections. The damping force is a function of the intensity of motion and the stress levels
induced in the system. Damping is also highly dependent upon the makeup of the structural
system and the energy absorption mechanisms within the system. Considerable energy will also
be absorbed at cracked surfaces when the elements on each side of the crack can move relative to
one another. The damping factors, as given in Table 3.7-1, are estimated to be 2% for the
operational-basis earthquake and 5% for the design-basis earthquake.

The seismic stress analyses have been reviewed to verify that the damping values of 2%
(OBE) and 5% (DBE) are consistent with the actual stress levels computed. For the levels of stress
induced in the structure, these values are conservative.

Structure Elevation

Acceleration of Structural Coordinates

Time-History
Method (g)

Response Spectrum
Method (g)

Containment structure 396.78 .64 .62

341.98 .35 .34

343. .59 .50

291. .30 .28

Fuel building 287.67 .16 .15

274.75 .16 .13

Auxiliary building 291. .36 .33

273. .30 .29

241.5 .28 .23
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3.7.2.4 The Frequency Response Method for the Determination of Amplified Response
Spectra for Equipment

The response of a structural system such as a reactor containment building to seismic
ground motion is made up of harmonic components of frequencies equal to the natural
frequencies of the structure. Components such as equipment and piping, with elastic properties,
mounted in the structure respond to the structural motion. The elastic behavior of the components
is not considered in the analysis of the total structure. This does not, however, introduce a
discernible inaccuracy in the dynamic analysis of the structure because the mass of the equipment
is small, compared to the mass of the structure. Component mass is included in the analysis of the
structure. The analysis of components must take into account the modification of the ground
motion due to the response of the structure and the effects of the distortion of the structure itself.

Components mounted in the structure that are flexible as compared to the structure (in terms
of natural period) will respond essentially as though supported directly on the subgrade.
Distortion of the structure has very little effect on oscillatory response.

On the other hand, components that are very stiff compared to the structure experience
seismic response which is the same as that of the structure at the point where the component is
supported.

Where components have natural periods close to the natural periods of the structure,
resonance will occur and component motion will be much greater than support motion. The
extreme, of course, would be the classical situation of an elastic system responding to a sinusoidal
support motion. Because of the irregular characteristics of earthquake motion and damping in the
combined structure-subgrade complex, a steady state of support motion does not exist, and the
harmonic components of support responses are considered to decay. Component damping also has
a significant effect on the magnitude of the component response.

Using the damped ground response to determine modal responses at points of interest in the
structure, structural motion is idealized as a decaying time-dependent sinusoidal motion for each
mode of structural response. These discrete, time-dependent, modal structural motions are used as
support motions for damped single-degree-of-freedom (SDF) oscillators to calculate amplified
response spectra.

This is done by determining the maximum time-dependent oscillator response to each mode
of structural response and combining these results as the square root of the sum of the squares.
Noting that the terms “oscillator” and “component” can be used interchangeably, a mathematical
description of the frequency response method is summarized below. A computer program has
been developed to carry out the procedure.

The equation of motion of a damped SDF oscillator subjected to time-dependent support
motion described by F(λ) is:

Mü + c  + ku = - M F(λ) (3.7-7)u·
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where:

M = mass

k = spring constant

c = oscillator damping constant

u = displacement of oscillator relative to the support

λ = the time function

F(λ) = the exponentially decaying sinusoidal support motion function which represents the 
idealized structural motion at equipment support point

For multi-degree-of-freedom (MDF) oscillator systems such as piping and equipment,

F(λ) = e-rBsλ Pi Ai sin Wiλ (3.7-8)

where:

Pi = modal participation factor for the ith structural mode

Ai = amplitude of damped ground response spectrum acceleration for the ith structural 
mode

Bs = structural damping

r = an empirical factor that modifies the logarithmic decay of the forcing function to provide 
conservative results at resonance

Wi = structure natural frequency for the ith mode

λ = time

Dividing Equation 3.7-7 by M and denoting Ω2  =

where:

Ω = natural frequency of the oscillator

C = 2M Be (where Be is a measure of oscillator damping)

ü + 2 Be  + Ω2 u = -F(λ) (3.7-9)

The maximum response of the oscillator is determined for each mode of structural response.
For each oscillator over the range of interest (1, 2, 3,.....n), the maximum responses to each
structural mode of response are combined as the square root of the sum of the squares to generate

K
M
-----

u·
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the amplified response spectrum. Curves are developed for the required levels of equipment
damping for both the operational-basis earthquake and design-basis earthquake.

The procedure outlined is used for both the horizontal and vertical components of
earthquake motion.

To validate the method, amplified response spectra developed by the frequency response
method were compared to spectra obtained by the theoretically more rigorous time-history
approach. This served to establish the factor “r” that controls the rate of amplitude decay of the
sinusoidal forcing function F (λ). Comparisons were made, for an MDF structure, of amplified
response spectra determined by the frequency response method and the time history method. Two
earthquake records were used, Helena E. W. and Golden Gate. Both time histories were
normalized to 0.06g. Structural system damping was assumed to be 2% of all modes, and
oscillator damping was assumed to be 0.5%. These records were chosen because the motions were
recorded at bedrock, and the principal Seismic Class I structures of the North Anna Station are
rock-founded. It was demonstrated that a value of r = 0.6 controlled the assumed logarithmic
decay of the F (λ) function to give conservative results as compared to the time-history method.

Amplified response spectra for all Seismic Class I structures were developed in the manner
described. As examples, Figure 3.7-3 Sheets 1-3 show amplified response spectra calculated by
the frequency response method superimposed on those calculated by the time-history method for
Helena E. W. time history normalized to 0.06g. The response spectrum shown in Figure 3.7-3
Sheet 1 is for the operating floor of the reactor containment building internal structure at
Elevation 291.83. Oscillator damping is 0.5%, and structural damping is 2%. A value of r = 0.5,
the empirical factor controlling the logarithmic decay, provides a response spectrum which agrees
reasonably well with that obtained using Helena E. W. time history. Similarly, Figure 3.7-3
Sheets 2 and 3 show response spectra for the auxiliary building and the fuel building, respectively.
The values of the empirical factor “r” are, respectively, 1.0 and 0.6 for the auxiliary building and
fuel building.

Figures 3.7-3 Sheets 4 through 6 show response spectra calculated by the frequency
response method using the ground response spectra of the North Anna site for the
operational-basis earthquake for the respective values of the r = 5, 1.0 and 0.6. The maximum
ground acceleration for the operational-basis earthquake is 0.06g. Superimposed on Figure 3.7-3
Sheets 4 through 6 are the response spectra calculated by the time-history method using the
Helena E. W. time history, normalized to 0.06g. A study of these figures demonstrates the
conservatism of ground response spectra for the North Anna site concerning equipment design.
Where the values of amplified response spectra obtained by the frequency response method fall
below the appropriate spectra obtained by the time-history method away from resonant peaks, the
former values were conservatively raised to envelop the time-history spectra.

The containment structure dynamic model has been tested for possible variations in rock
shear modulus (G), conservatively rated at 106 psi. Examination of results shows that reasonable
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variation of the shear modulus (±15%) has a negligible effect on the natural frequencies of
rock-founded structures. It was also shown that ±1/3 variation in soil shear modulus for structures
so founded would have a significant effect on the rocking and translational frequencies.
Accordingly, this is taken into account in the generation of amplified response spectra for
components. It was determined that extreme variation of structural properties caused some
variation in structural natural frequency and, consequently, location of the resonant peaks in the
equipment response spectra.

As stated in the North Anna PSAR, Supplement Addendum Section 4.0, “To account for
variations in modeling and parameters of both the structural system and the equipment, the
following procedure has been adopted: Equipment response curves are developed according to the
procedures outlined at the nominal rock shear modulus G = 106 psi with the best available
assessment of structural parameters. The natural frequencies of the equipment to be analyzed will
be similarly developed. Where significant equipment modes are within ±15% of the resonant
peaks, those equipment modes will be arbitrarily altered to coincide with the resonant peaks and
the curves as derived will be used. For structures founded in soil, the range described above will
be based on a variation in soil modulus of ±1/3. Our examination of soil-mounted structures
shows this will cause a spread in the natural periods of -20% and +25% as measured against the
nominal resonant periods” (Reference 3).

3.7.2.5 Amplified Response Spectra Developed as Part of the Resolution of USI A-46

As part of the resolution of Unresolved Safety Issue (USI) A-46, amplified in-structure
response spectra (ISRS) for most structures were developed for the design basis earthquake
(DBE). These spectra were generated using time-history modal analyses, with more realistic
representation of soil/structure interaction for soil founded structures and with improved
modeling of structures. They were developed for use in the seismic analysis and qualification of
equipment and components.

The amplification of earthquake motion through the structures was computed from the DBE
ground spectral shape using lumped-mass models consisting of beams and stiffness matrix
elements with six degrees of freedom at each node. The ground spectral shapes used in these
analyses are plotted in Figure 2.5-12 for rock and Figure 2.5-14 for soil. In accordance with
Section 2.5.2.6, 0.12g horizontal peak ground acceleration and 0.18g horizontal peak ground
acceleration were used for rock and soil founded structures respectively, with 2/3 of these values
in the vertical direction. Previous structural models and founding conditions were evaluated and
refined or recreated as necessary. Time-history modal analyses were performed by first
determining the dynamic characteristics (mode shapes, natural frequencies and participation
factors) of the structures.

Synthetic time-histories, the spectra from which closely envelop the rock and soil target
DBE ground response spectrum (GRS) shapes of Figures 2.5-12 and 2.5-14 respectively, were
developed. These time histories were of 20-second duration defined at a 0.01-second interval and
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were statistically independent for each of the three orthogonal directions. Consistent with
Table 3.7-1, a structural damping value of 5% was used. Spatial combination was in accordance
with NRC Regulatory Guide 1.92.

For most of the soil-founded structures, new soil-structure interaction (SSI) analyses were
performed. In the SSI analyses, building models were used together with appropriate impedance
and scattering functions. Three SSI analyses were performed, one for each of the following
conditions: lower bound, best estimate, and upper bound soil properties. The determination of
best-estimate low strain properties was based on Section 2.5. To estimate the lower and upper
bound low-strain characteristics from the best estimate properties, the following factors were
used:

Glower = 0.5 * Gbest Vlower = 1/  * Vbest

Gupper = 2.0 * Gbest Vupper =  * Vbest

where G represents the shear modulus and V the shear wave velocity.

The impedance and scattering of the embedded foundation were only computed with the
DBE spectrum – best estimate high strain soil properties. The resulting spectra from the SSI
analyses at each nodal point in the structural model were enveloped from these three cases. The
structures founded on rock (e.g., the Containment Building) were modeled as fixed base and no
translational or rocking spring constants were used to represent the subgrade.

ISRS were developed for 3% and 5% equipment damping at each elevation for each
structure, whether founded on soil or rock. These ISRS were peak broadened +15% and -15% to
account for uncertainty and variability in the structural and equipment frequencies in accordance
with Section 3.7.2.4.

In addition to the development of in-structure spectra for the design basis spectral shapes of
Figures 2.5-12 and 2.5-14, median-centered in-structure response spectra were generated based
on the ground response spectrum shapes defined in NUREG/CR-0098 (Reference 59). The peak
ground acceleration levels (pga) in these analyses were the same as the pga for the Design Basis
Earthquake, i.e., per Section 2.5.2.6, the horizontal pga values were 0.12g and 0.18g for rock and
soil founded structures respectively with 2/3 of these values in the vertical direction. These
in-structure spectra were developed using the same methodology as discussed above. The
median-centered in-structure response spectra may only be used for seismic evaluation of
equipment performed via the USI A-46 methodology discussed in Section 3.7.3.2.2.4 and in
accordance with the rules discussed in the Generic Implementation Procedure (Reference 61).

3.7.2.6 Summary and Conclusions

The original development of in-structure response spectra for all Seismic Class I structures
was via the use of frequency response method. Structures, systems and components were
designed and qualified using these spectra. Subsequently, the spectra obtained from this method

2

2
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were verified against the spectra developed from time-history modal analyses of structures.
Actual and synthetic earthquake records were used. This comparison confirmed the validity of the
original spectra. Later, response spectra for ASME Code Case N-411 damping were generated
using the time-history modal analysis method. The amplified spectra developed as part of the
resolution of USI A-46 were also based on the same method, with refined modeling of structures
and state-of-the-art soil-structure interaction techniques. The methods utilized for the
development of in-structure response spectra are sound and the results from these analyses are
valid for use in seismic design and qualification of systems, structures and components.

3.7.2.7 Validation of Computer Programs

This section describes computer programs that were used by Stone & Webster and
Westinghouse for the original dynamic and static analyses of Class I equipment and components.
Subsequent analyses may be performed using additional computer programs in accordance with
Virginia Power administrative procedures and the design control program.

3.7.2.7.1 Programs Within Stone & Webster Scope

The following computer programs were used in dynamic and static analyses for Seismic
Class I Stone & Webster designed equipment and components:

1. STRUDL II - multipurpose mechanics program.

2. STARDYNE - dynamic analysis program.

3. ST-176 - seismic spectra response calculations.

4. SHELL 1 - shell analysis program.

5. Stress Analysis of Shells of Revolution.

6. MARC - nonlinear finite element program, static.

7. LIMITA II - nonlinear transient dynamic analysis.

8. MAT 5 - foundation mat analysis.

9. Time-History Program - seismic response spectra.

10. PRATO - mixed finite element with curved surfaces.

11. NUPIPE-SW- performs a linear elastic analysis of three dimensional piping systems
subjected to thermal, static, and dynamic loads.

12. STRUDL-SW- multipurpose static and/or dynamic analysis program.

13. STEHAM- determines flow induced forcing functions on piping systems during a
steamhammer event.
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3.7.2.7.1.1 STRUDL II. STRUDL II has been designed as a modified subsystem of the
Integrated Civil Engineering System (ICES) (Reference 4) which was designed and formulated at
the Massachusetts Institute of Technology, Department of Civil Engineering.

The finite element method (Reference 5) provides for the solution of a wide range of solid
mechanics problems. Its use within the context of the STRUDL analysis facilities expands these
for the treatment of plane stress, plane strain, plate bending, shallow shell, and three-dimensional
stress analysis problems.

STRUDL II also provides a dynamic analysis capability for linear elastic structures
undergoing small displacements. Either free or forced vibrational response may be obtained; in
the latter case, the forcing function may be in the form of time histories or response spectra.

The three-dimensional finite element capability of STRUDL is used to analyze the
containment at the regions of the personnel and equipment hatches and other specific regions of
interest.

Seismic Class I structures are analyzed for seismic effect using the dynamic analysis
capability of STRUDL. The analysis yields frequencies of vibration, mode shapes, displacements,
velocities, accelerations, and forces.

STRUDL II is a recognized program in the public domain. Version 2, Modification 2
(June 1972) of STRUDL is used. The software system is IBM-MVT - Release 20.7. The hardware
configuration is IBM-370 - Model 165.

3.7.2.7.1.2 STARDYNE. The STARDYNE structural analysis system, written by Mechanics
Research, Inc., of Los Angeles, California, is a fully warranted and documented computer
program available at Control Data Corporation’s 6600 data centers. The latest version became
available August 1, 1973.

The MRI STARDYNE analysis system consists of a series of compatible digital computer
programs designed to analyze linear elastic structural models. The system encompasses the full
range of static and dynamic analyses. The static capability includes the computation of structural
deformations and member loads and stresses caused by an arbitrary set of thermal, nodal applied
loads, and prescribed displacements. Using the normal mode technique, dynamic response
analyses can be performed for a wide range of loading conditions, including transient,
steady-state harmonic, random, and shock spectra excitation types. Dynamic response results can
be presented as structural deformations and internal member loads.

3.7.2.7.1.3 ST-176 Seismic Spectra Response Calculations. This computer program is designed
to supplement STRUDL program capability in seismic analysis by computing the participation
factors and modal forces from the given ground response spectra, eigenvectors, and inertias of the
structural system. The first step in the analysis is to determine the eigenvalues and eigenvectors of
the structure using the STRUDL dynamic program. The modal data output from the STRUDL
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dynamic program is input to ST-176 along with the amplified response spectra representing the
postulated earthquake. The output of the ST-176 program produces forces applied to the structure
at the mass points. This force system is input to the STRUDL static program to calculate loads
and stresses in the various members of the structure. The computer code ST-176 is not a
lumped-mass dynamic analysis program.

The program functions as follows.

Given the modal shapes (from STRUDL punch-out) and the inertia of structural model, the
participation factors are computed as:

(3.7-10)

where n is the mode, i varies over the degrees of freedom corresponding to assumed earthquake
directions (for instance, an earthquake in the X1 direction, i will vary over all degrees of freedom
in the X2 direction), and j varies over all degrees of freedom.

The modal forces are given by:

Fjn = øjn Rn Γn Mj (3.7-11)

where:

ø = modal shape

R = response acceleration

Γ = participation factor

M = inertia

n = nth mode

j = degree of freedom

The absolute-sum equivalent static forces are computed as:

(3.7-12)

The algebraic-sum equivalent static forces are computed as:

(3.7-13)

The RMS-sum equivalent static forces are computed as

(3.7-14)

Γni

Miφni∑–

Mj φnj( )2
∑
----------------------------=

FABSj Fnj
m
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m
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3.7.2.7.1.4 SHELL I. The SHELL I computer program is a further development of a computer
program written at AVCO Corporation. The program is based on the general numerical procedure,
proposed by D. Budiansky and P. P. Radkowski (References 6 & 7), to analyze a shell of
revolution subjected to arbitrary loadings. The analysis is based on the general first or linear
theory of thin shells by J. L. Sanders, Jr. (Reference 8).

This program is used to obtain the membrane forces and bending moments in the reactor
containment structure wall and reactor support wall due to the temperature and pressure loads.
Discontinuity forces applied at the foundation mat are obtained from the computer program
MAT 5.

This is a finite-difference stress analysis computer code. It can be used to determine the
forces, moments, shears, displacements, rotations, and stresses in a thin shell of revolution subject
to arbitrary loads expanded in Fourier series of up to 150 terms. Single-layer shells with up to 30
simply connected branches may be analyzed. Poisson’s ratio may change at discontinuity points,
and Young’s modulus and the thermal coefficient of expansion may be different at each point. The
allowed types of loading include elastic restraints, pressures in three orthogonal directions,
temperature changes that may have a gradient through the shell thickness, and simplified input for
weight of the shell or earthquake forces.

The equilibrium equations for a thin shell are based on the linear theory of Sanders.
Sanders’ equations are expanded and modified slightly to handle a broader range of problems. All
pertinent load, stress, and deformation variables are expanded into Fourier series. The individual
Fourier components of stress and deflection are found separately by solution of the finite-
difference forms of the appropriate differential equations. The algorithm used to solve these
equations is a minor modification of the Gaussian elimination method.

3.7.2.7.1.5 Stress Analysis of Shells of Revolution. This is a finite element computer code. It can
be used to determine the forces, moments, shears, displacements, rotations, and stresses in a thin
shell of revolution subject to axisymmetric loads. Different orthotropic material properties may be
input for each element in a model. The allowed types of loading include internal pressure,
temperature changes that may have a gradient through the shell thickness, and simplified input for
weight of the shell.

The explicit stiffness relations for the axisymmetric shell elements are based on the classical
theorem of potential energy and the usual approximations of thin shell theory. The direct stiffness
method (a simple modification of the displacement method) is used to assemble the equilibrium
equations. The algorithm used to solve these equations is derived by applying the Gauss-Jordan
method of elimination to a tridiagonal system of equations.

3.7.2.7.1.6 MARC. The MARC nonlinear finite element analysis program, used to obtain the
local pipe indentation stiffness, came into the public domain in December 1971. It is written
FORTRAN IV in a general form with variable dimensions passed down to the subroutines. A
library of elements is available directly in the program.
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The elastic-plastic and large displacement analysis is done in a series of piecewise linear
increments. Creep and thermal effects that cause initial strains are analyzed as a series of steps in
which an increment of initial strain occurs at the start of each step. Optional facilities enable the
lowest eigenvalue to be obtained after each applied increment of load. This eigenvalue furnishes
the factor that must be used to scale the next increment of load to cause collapse.

Controls have been added that allow the specification of loading or creep for a total number
of increments or time steps, respectively. These controls are referred to as automatic load controls.
The automatic load control for creep selects the time step for each increment so that the resulting
stress and strain changes remain within a specified limit. A higher order step-by-step integration
in time, known as the residual load correction, may be specified for creep problems. This residual
load correction feature stabilizes creep solutions.

The behavior is the classical theory of isotropic, elastic-plastic, time-independent materials,
with a von Mises yield criterion, isotropic strain hardening, temperature-dependent elastic
properties, and equivalent yield stress. Perfect plasticity is assumed when no strain hardening is
specified.

The theoretical basis of the computer code has been presented in a series of papers
published by P. V. Marcal (References 10 through 19). The accuracy of the code has been
demonstrated by comparison with both theoretical and experimental results. A typical example is
shown in Figures 3.7-4 and 3.7-5.

3.7.2.7.1.7 LIMITA II - Mathematical Model. LIMITA II is a plane frame, nonlinear, transient
dynamic analysis computer code. The major differences between this program and others
commonly used for dynamic elastic analysis are the provisions for large displacements and
inelastic deformation. The geometry is modified for large deflection analysis. Two versions of
geometry updating are available in the code. The first approach updates the geometry at every
time increment, and the second only when plastic flow occurs. For analysis of restrained piping,
large deflections are not encountered except due to plastic deformation. Thus the latter option is
used, and this is shown in the flow chart.

A plane frame is simulated as an assembly of discrete lumped masses connected by beam
elements. Under any loading, the equilibrium at each mass point is ensured by the equation of
motion:

(3.7-15)

where:

[m] = mass matrix

[c] = damping coefficient matrix

[k] = stiffness matrix

m[ ] U··{ } c[ ] U·{ } k[ ] U{ }+ + f t( ){ }=
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 = displacement vector

 = velocity vector

{U} = acceleration vector

{f(t)} = external load vector

The displacement, velocity, and acceleration vectors are comprised of all the nonrestrained
movements of each mass point. The external load vector f(t) is comprised of the external loads
applied to the mass points in all nonrestrained directions of movement. The mass matrix is a
diagonal matrix. An element of the matrix, mij, is the mass associated with the ith degree of
freedom. An element of the damping coefficient matrix, [c], is applied to the jth velocity in the ith
equation of motion. An element of the stiffness matrix, [kij], is defined as the force necessary to
hold the structural element from moving in the ith degree of freedom when the jth degree of
freedom is given a unit displacement and all of the other degrees of freedom of the structural
element are restrained from moving.

For the total structure, the governing equations of motion are:

(3.7-16)

where , , {U}, and {f(t)} are vectors comprised of all the total structure, and
[m], [c], and [k] are the assembly matrices of all the element matrices.

This system of second-order differential equations is solved by a linear acceleration
integration method, starting from some known initial state of the system at time zero. The
nonlinear effects, such as plasticity and large deflections, are included by varying [k] and [c] at
each necessary time step.

In the numerical integration procedure, the following relations are used:

{U} = f(Ut, Ut-1, Ut-2....)

{U} = g(Ut, Ut-1, Ut-2....) (3.7-17)

{U} = h(Ut, Ut-1, Ut-2....)

where f is a cubic function and the acceleration is a linear function across the time interval.
Making these substitutions into Equation 3.7-17 gives:

[c1 [m] + c2 [c] + [k]] {U} = {f(t)} + {f([t],[m], {Ut-1},{Ut-2},....} (3.7-18)

where c1 and c2 are functions of (t-t-1) and (t-1-t-2), etc.

U·{ }

U··{ }

m[ ] U··{ } c[ ] U·{ } k[ ] U{ }+ + f t( ){ }=

U··{ } U·{ }
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The damping function can be more easily understood by rewriting the motion
Equation 3.7-15 in the form:

Mr r + (3.7-19)

where:

 indicates a series with one term for each of the displacements

cri is the damping coefficient for the ith velocity in the rth equation of motion

The damping forces are approximately determined by two sets of dampers, one associated
with the member stiffnesses and the other with the masses. The damping forces are assumed to be
proportional to relative velocity in the former and absolute velocity in the latter. Therefore, the
damping coefficient cri in Equation 3.7-19 is given by:

cri = ckkri + cmmr δri (3.7-20)

where δ ri is the Kronecker delta. The values of ck and cm are assumed constant, and may be
determined either by an approximate analytical approach or experimental data.

Kri is the member stiffness, defined as the force necessary to hold the structural member
from moving in the rth degree of freedom when the ith degree of freedom is given a unit
displacement and all other degrees of freedom are restrained from moving. In the elastic range,
the derivation of these stiffnesses is given in References 20 and 21. The method used to provide
for changes in stiffness during inelastic deformation is described below.

Since no external loading is applied to a member between nodes, the maximum value of the
internal forces acting on the member occurs at its ends. The transition from the elastic to the fully
plastic state is disregarded, and the section is assumed to remain linearly elastic up to the fully
plastic yield surface. This yield surface is defined by a scalar function Φ of the internal member
forces, Q, of the form:

Φ(Q) = 1 (3.7-21)

Here the function Φ is obtained by integrating the stress across the section with the stress
fully developed over the section and satisfying the von Mises (or Tresca) yield criterion:

σ2 + γ2Z2 = σ2
c (3.7-22)

where:

σ = normal stress

U·· criU
·

r kriU
·

r
i

∑+
i

∑ fr=

i
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Z = shear stress

σc = yield stress in simple tension

γ2 = 3 (von Mises) or 4 (Tresca)

Thus the function Φ depends on the shape of the cross section and the force components
being considered.

The yielding normally occurs due to either a predominant bending moment (pipe or arch of
restraint) or to predominant tension or compression (bolt or special pipe indentation member).
These two yield models are provided.

Since a section is either elastic or fully plastic, there are four possible states for a bending
member: (1) both ends γ and β are elastic, (2) end γ is yielding and β is elastic, (3) end γ is elastic
and β is yielding, (4) both ends γ and β are yielding. A plastic hinge is introduced at any end
section which is yielding. The force-displacement relation of the plastic hinge follows an ideal
bilinear curve (References 22 & 23). In situations where force reversal occurs, the stiffness of the
hinged member is restored, providing unloading along the elastic line (isotropic strain hardening
model).

There are only two possible states for a tension (or compression) member: either the entire
member is elastic or the entire member is plastic. When the member yields, the member elastic
Young’s modulus and the force displacement curve follows a bilinear curve. If the member
unloads, the elastic modulus is restored.

In LIMITA II, Equation 3.7-18 is solved at each time point in the dynamic transient. Since
[m], [c], and [k] can be recalculated at each time point, they can vary with time in any desired
fashion.

The von Mises yield surface is used along with the PRANDTL-REUSS flow relations. The
stress-strain curve is assumed to be isothermal B-linear with isotropic hardening and kinematic
hardening models.

For large deflection analysis, the geometry is modified (if necessary) at the end of each load
increment so that the total loading is applied to the deformed structure of the next load increment.
This procedure thus follows the large-deflection load-deflection curve.

The computation procedures of the LIMITA II program are given in a flow chart,
Figure 3.7-6.

3.7.2.7.1.8 MAT 5. This program analyzes a symmetrically loaded circular plate on an elastic
foundation, and maintains compactibility between (1) the plate (foundation mat) and the
subgrade, and (2) the plate and the circular walls supported thereon. The program (Reference 25)
computes the discontinuity effects at the interface of the mat and the circular walls, and includes
these effects in the analysis.
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This program is used to analyze the foundation mat and to provide the contact pressure and
the discontinuity forces at the junction of the mat and superstructure.

The solutions to test problems using MAT 5 are substantially identical to those obtained by
hand calculations. It is to be understood that the complexity of the hand calculations tend to limit
their accuracy. The test problems used are actual containment structures.

Included are plots of the radial and tangential bending moments and the radial shear in the
mat for a MAT 5 solution vs. hand calculations. Also shown are the discontinuity forces at the
interface of the mat and circular walls. This particular mat is on soil (Figure 3.7-7).

Similar plots are submitted for a MAT 5 solution versus a hand solution done in accordance
with Reference 26 for a mat on rock (Figure 3.7-8). The comparison, particularly at the junction
of the containment wall and mat, is excellent. The hand calculations show a somewhat larger
radial shear near the edge because the cantilever effect (5 feet) of the mat beyond the containment
wall was not included. Other minor discrepancies occur at the lift-off point for the mat between
the two solutions, but these are due to assumptions inherent in the Timoshenko solution (i.e., at
the point of mat lift-off, the radial moment, displacement, and slope of mat equal zero).

3.7.2.7.1.9 Time-History Program. The time-history program computes time-history response
and amplified response spectra at any mass point location of a lumped-mass spring-connected
system due to a synthetic earthquake time-motion record input. The responses are computed by
integration of the modal equations of the system by the “exact method” (Reference 27). The
program’s main application is the generation of amplified response spectra used for the design of
Seismic Class I equipment and piping.

The time-history program solution to a test problem is substantially identical to the solution
obtained using STRUDL II. The test problem uses an actual containment structure subjected to an
earthquake time-motion record input of Helena E. W. normalized to 0.06g. The time-history
response of the structure is computed at the operating floor level by the time-history program and
STRUDL II. The results of these two analyses (Figures 3.7-9 and 3.7-10, respectively) agree
extremely well with each other.

3.7.2.7.1.10 PRATO. The PRATO program is based on a mixed finite element formulation
described in Reference 28. It allows for triangular and quadrilateral curved shell elements on the
cylindrical surface or on an arbitrary shallow surface. The nodal variables are the three translation
components referred to in the local curvilinear reference frame, and the three stress couples. Both
displacements (i.e., translation) and moment boundary conditions can be imposed. This program
uses linear expansions for the translations and stress couples over the element domain. A simpler
version (linear displacement constant moment) is discussed in Reference 29, and a more refined
version (quadratic displacement, linear moment) is described in Reference 30.

A pressurized cylindrical shell having a circular cutout illustrates the relative accuracy of
the PRATO program vs. the finite element displacement model (Rodriguez) (Reference 31) and
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an approximate analytical solution. Figure 3.7-11 shows the definition and treatment of boundary
conditions. Stress results are plotted in Figures 3.7-12 and 3.7-13. Close agreement with the
displacement model solution is obtained. A number of other comparison studies are listed in
Reference 32.

3.7.2.7.1.11 NUPIPE-SW. The NUPIPE-SW piping program performs a linear elastic analysis
of three dimensional piping systems subjected to thermal, static, and dynamic loads. NUPIPE-SW
utilizes the finite element method of analysis with special features incorporated to accommodate
specific requirements in piping analysis. These features include simplified input for piping system
description, use of special curved elements to represent piping elbows, and analytical
conformance to the ASME Section III Nuclear Power Plant Components Code.

NUPIPE-SW will handle all loading conditions required for complete nuclear piping
analyses. A given piping configuration may be analyzed successively for a number of static and
dynamic load conditions in a single computer run. Separate load cases, such as thermal expansion
and anchor displacements, may be combined to form additional analysis cases. The piping
deadload analysis considers both distributed weight properties of the piping and any added
concentrated weights.

The NUPIPE-SW program is designed to perform analysis in accordance with the ASME
Boiler and Pressure Vessel Code Section III, Nuclear Power Plant Components (Code). Features
insuring Code conformance include use of accepted analysis methods, incorporation of specified
stress indices and flexibility factors, proper combination of moment resultants, and provision to
(automatically) generate results of combined loading cases. A program option is available to
specify Class 1 analysis per Article NB-3600 of the Code, Class 2 analysis per Article NC-3600
of the Code, analysis per ANSI B31.1.0 Power Piping Code, analysis per ANSI B31.3
Petrochemical Code, and combined Class 1 and Class 2 analysis per Articles NB-3600 and
NC-3600 of the Code.

3.7.2.7.1.12 STRUDL-SW. STRUDL-SW performs a static and/or dynamic analysis of a
structure composed of members. The capability also exists (for a static analysis) to check or
design structural members based on various code requirements. This program is a completely
documented and qualified subset of STRUDL-II (ST-015).

STRUDL-SW may be applied to a wide range of structural problems using the same basic
input. It handles two-dimensional trusses, frames, and grids, as well as three-dimensional trusses
and frames. Only elastic, small displacement analysis is available.

The solution method used is the displacement method for structural analysis. This
procedure requires the specification of member properties in some acceptable form and treats the
joint displacements as unknowns. Stiffness and mass matrices (for dynamics) of the structure are
assembled or input and the static and/or dynamic problem is solved.
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3.7.2.7.1.13 STEHAM. The STEHAM program determines the flow induced forcing functions
on piping systems during a steamhammer event for the use of subsequent piping dynamic
analysis.

The analysis is based upon the method of characteristics with finite difference
approximations for solutions of unsteady one-dimensional homogeneous adiabatic, compressible
fluid flows.

The required program input consists of numerical codes representing the flow network of
the piping system, pipe dimensions, valve flow characteristics, valve operation characteristics,
initial steam flow conditions in the piping system, and flow frictional coefficients.

The program output will generate the following: time values of flow pressure, density,
velocity, nodal forces for all nodes, and segment forces for all segments of the flow network at
each time increment.

3.7.2.7.2 Programs within Westinghouse Scope

The following computer programs have been used in dynamic and static analyses to
determine mechanical loads, stresses, and deformations of Seismic Class I components and
equipment:

1. WESTDYN (or WESDYN-7) - static and dynamic analysis of redundant piping systems.

2. FIXFM - time-history response of three-dimensional structures.

3. WESDYN-2 - piping system stress analysis from time-history displacement data.

4. STHRUST - hydraulic loads on loop components from blowdown information.

5. STRUDL - structural analysis under thermal or static loads.

6. THESSE - RCL equipment support structures analysis and evaluation.

7. WECAN - finite element structural analysis.

A description of the basis, capabilities, and extent of application of each program follows.

The verification and qualification of computer codes FIXFM, STHRUST, THESSE, and
WECAN are addressed in the Westinghouse topical report WCAP-8252, Documentation of
Selected Westinghouse Structural Analysis Computer Codes (Reference 33).

3.7.2.7.2.1 WESTDYN (or WESDYN-7). WESTDYN, a Westinghouse adapation of the A. D.
Little Company program (Reference 34), is a special-purpose program for the static and dynamic
analysis of redundant piping systems with arbitrary loads and boundary conditions. It computes,
at any point in the piping system, the forces, deflections, and stresses that result from the imposed
anchor or junction loads, thermal gradients in the system, and gravity loads, in any combination of
the three orthogonal axes. The piping system may contain a number of sections, a section being
defined as a sequence of straight and/or curved members lying between two network points. A
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network point is (1) a junction of two or more pipes, (2) an anchor or any point at which motion is
prescribed, or (3) any arbitrary point.

Any location in the system may sustain prescribed loads or may be subject to elastic
constraint in any of its six degrees of freedom. For example, hangers may be arbitrarily spaced
along a section, and may be of the rigid, flexible, or constant force type.

The response to seismic excitation is analyzed by normal mode, response spectral
superposition technique with a lumped-mass system. The eigenvalue routines used are the Jacobi
rotation and the Givens-Householder schemes (Reference 35). The maximum spectral
acceleration is applied for each mode at its corresponding frequency from response spectra to
obtain the amplitude of the modal coordinate for each mode. A basic assumption is that the
maximum modal excitation of each mode occurs simultaneously. The forces, deflections, support
reactions, and stresses are calculated for each significant mode. The total response is computed by
combining the contributions of the significant modes by several methods, one of which is the
square root of the sum of the squares method.

3.7.2.7.2.2 FIXFM. FIXFM (Reference 33) is a digital computer program that determines the
time-history response of a three-dimensional structure excited by arbitrary, time-varying forcing
functions. The input for FIXFM (obtained from the WESTDYN program) consists of normalized
mode shapes, natural frequencies, forcing functions, and an initial deflection vector. The program
sets up the modal differential equations of motion. The modal differential equations are solved
numerically by a predictor-corrector technique of numerical integration. The modal contributions
are then summed at various mass points throughout the structure to obtain the actual time-history
response. FIXFM, like WESTDYN, is applied to redundant piping systems.

3.7.2.7.2.3 WESTDYN-2. WESTDYN-2 is a slightly modified version of the WESTDYN
program. The program treats the input of time-history displacement vectors at mass points (from
FIXFM) as an imposed deflection condition, and proceeds to a usual WESTDYN static solution.
In addition to the usual stress solution, the program also calculates axial stress, shear stress, and
stress intensity.

3.7.2.7.2.4 STHRUST. The STHRUST (Reference 33) code computes hydraulic loads on
primary loop components from the blowdown information calculated by the SATAN
(Reference 41) code, i.e., density, internal energy, and mass flow rate. The entire primary system,
including special elements such as the reactor core, pressurizer, and accumulators, is represented
by the same two-loop model used in the SATAN blowdown calculation.

The force nodes are selected along the two-loop geometric model of a reactor plant where
the vector forces and their components in a global coordinate system are calculated. Each force
node is associated with a control volume that may contain one or two blowdown (SATAN) control
volumes, depending on the location of the force node in the system. Each force control volume, in
turn, has one or two associated apertures (flow area). STHRUST calculates the time history of
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forces at locations where there is a change in either direction or flow area within the reactor
coolant loop.

The major input information required for the code is:

1. Blowdown hydraulic information, which is read directly from the SATAN result tape.

2. The orientation of the force node in the system, which is input as three projection coefficients
along the three coordinate axes of the global coordinate system.

3.7.2.7.2.5 STRUDL. STRUDL, part of the ICES civil engineering computer system
(Reference 42), is a general-purpose matrix structural analysis program that can solve for stresses
and deflections of structures subjected to static or thermal loads. The basis of the program is the
general beam finite element. It is applicable to linear elastic two- and three-dimensional frame or
truss structures, e.g., steam generator lower, steam generator upper lateral, and reactor coolant
pump lower support structures. STRUDL uses the stiffness formation, and is valid only for small
displacements. Structure geometry, topology, and element orientation and cross section properties
are described in free format. Member and support joint releases, such as pin and rollers, are
specified. Otherwise, six restraint components are assumed at each end of each member and at
each support joint.

The STRUDL system performs structural stability and equilibrium checks during the
solution process, and prints error messages if these conditions are violated. However, the system
cannot detect geometry or topology errors. Type, location, and magnitude of applied loads or
displacements are specified for any number of loading conditions. These can be combined as
desired during the solution process.

One important feature of STRUDL is that any desired changes, deletions, or additions can
be made to the structural model during the solution process. This produces results for a number of
structure configurations, each with any number of loading conditions.

The output includes member forces and distortions, joint displacements, support joint
reactions, and member stresses.

3.7.2.7.2.6 THESSE. The THESSE (Reference 33) computer program was developed by
Westinghouse to accomplish RCL equipment support structures analyses and evaluation. Two
versions are used, one for normal and upset condition loading using AISC-69 allowable stress
equations, and one for faulted condition loading where LOCA loads are read in time-history form
and ultimate stress equations are used.

Westinghouse has expanded the output capabilities of STRUDL to include selective punch
card data that are used as input in the THESSE program. The input includes

1. Six components of forces acting on the support structure for each of the thermal, weight,
pressure, seismic, and LOCA loadings.
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2. Member geometry and material.

3. 6 x 6 member influence coefficient array for each end of each member.

Loads on the structure are combined, transformed to the structure-coordinate system, and
multiplied by member influence coefficients. The resulting member forces are then used with
member properties in stress and interaction equations to determine the adequacy of each member
in the structure. THESSE calculates all member internal forces and moments and determines
when the highest stresses occur in each member. These maximum stresses are expressed as a ratio
of the maximum stress to the limiting values.

3.7.2.7.2.7 WECAN. WECAN (Reference 33), a one-, two-, and three-dimensional finite
element program, is capable of solving elastic-plastic static structural problems, transient and
steady-state thermal problems, and linear and nonlinear dynamic structural problems. Its library
of finite elements includes spars, beams, pipes, plane and axisymmetric triangles,
three-dimensional solids, plates, plane and axisymmetric shells, three-dimensional shells, friction
interface elements, springs, masses, dampers, thermal conductors, hydraulic conductors,
convection elements, and radiation elements.

WECAN is capable of predicting mode shapes and natural frequencies, maximum response
to harmonic excitation, or complete time-history response to arbitrary forcing functions. The
matrix displacement method is applied to each finite element in the idealized structure. A “wave
front” direct solution technique is used to give accurate results in a minimum of computer time.
The analysis solution output includes geometry plots, nodal displacements, element stresses, and
nodal forces.

3.7.2.7.3 Programs within Framatome Scope

This section describes computer programs that were used by Framatome ANP for the
dynamic and static analysis of Class 1 equipment and components during the process of
qualifying the replacement reactor vessel closure heads to ASME Section III requirements. These
computer programs meet the requirements of the Dominion and Framatome ANP software
validation programs. The validation program meets the requirements of 10 CFR 50 Appendix B,
ASME NQA 1 and ANSI N45.2. The software validation compliance was verified during an
onsite quality audit of the replacement closure head vendor. Audit results and objective evidence
of the software validation are available in the Framatome ANP audit file. These programs provide
results that are essentially the same or more conservative than the analyses of record.

3.7.2.7.3.1 BWSPAN. BWSPAN (Reference 79) is designed to perform analysis in accordance
with the ASME Boiler and Pressure Vessel Code, Section III Nuclear Power Plant Components
and the ANSI B31.1 Power Piping Code. This code has been specifically used for evaluating the
configuration of the RVLIS piping routed from the closure head up to and including “RX Vessel
Vent Line to RVLIS Isolation Valve,” 1-RC-209 and 2-RC-208.
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3.7.2.7.3.2 BIJLAARD. BIJLAARD (Reference 80) is designed to calculate local stresses in a
cylindrical or spherical shell induced by a nozzle or support.

3.7.2.7.3.3 FERMETURE. FERMETURE (Reference 81) is designed to calculate the loadings
used for the closure analysis. FERMETURE calculates the stud load components for a given set
of temperature and pressure values. Additionally, FERMETURE verifies the leak tightness of the
vessel closure.

3.7.2.7.3.4 SYSTUS. SYSTUS (Reference 82) is designed to analyze the thermal-mechanical
behavior of beams and solid structures in two or three dimensions.

3.7.2.7.3.5 RCCM-ASME. RCCM-ASME Program (Reference 83) is a special postprocessor of
SYSTUS that allows manipulation of SYSTUS results for stress analyses in accordance with the
rules defined by the ASME Code Section III including stress linearization, usage factor
calculation and thermal ratchet analysis.

3.7.3 Seismic Analysis for Piping Systems

3.7.3.1 Stone & Webster Analyses and Design Criteria of Seismic Class I Piping

3.7.3.1.1 General Analytical Procedure

Analyses of Seismic Class I piping systems are based on criteria and procedures specified in
the ASME Boiler and Pressure Vessel Code, Section III (including the 1971 Winter Addenda),
which satisfies all the requirements of ANSI-B31.7, Nuclear Power Piping Code (1969 edition).
Reanalysis of the pressurizer surge line to account for the effect of thermal stratification and
striping was performed in accordance with the requirements of ASME Boiler and Pressure Vessel
Code, Section III, 1986 and addenda through 1987, incorporating high cycle fatigue as required
by NRC Bulletin 88-11.

Seismic analyses of Class I piping, which include all ASME Code Classes 1, 2, and 3
piping systems, are performed by the modal analysis response spectra method. Original plant pipe
stress analyses utilized a combination of SHOCK3, PIPESTRESS, NCCODE, and
STRESSCOMBINER computer programs as required. Certain subsequent pipe stress analyses
have utilized the NUPIPE-SW computer program (Reference 55) which can perform a complete
piping analysis/qualification. A majority of the discussion in Section 3.7.3.1.1 (General
Analytical Procedure) and Section 3.7.3.1.2 (Basic Steps and Equations Used in the Analytical
Procedure) contains specific reference to analytical techniques used by the SHOCK3,
PIPESTRESS, NCCODE, and STRESSCOMBINER computer programs. However, reference to
code equations and damping values within these sections is applicable to all analyses regardless of
which computer program is being utilized. A description of the NUPIPE-SW computer program
is contained in Section 3.7.3.1.2.5. Each piping system is idealized mathematically as an
elastically coupled dynamic structural model in three-dimensional space. Inertial characteristics
of the piping system are simulated by discrete masses of piping components, including all
eccentric masses such as valves and valve operators, lumped at selected nodes. For piping
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analyses which utilize the NUPIPE-SW program, the complete qualification/analysis is
performed by the NUPIPE-SW computer program. For other analyses, the following programs are
used. The stiffness matrix of the piping system is calculated by Stone & Webster’s computer
program, PIPESTRESS (Reference 43). Modal seismic responses at each node of the piping
system, due to amplified response spectra excitation applied at its support points, are calculated
by Stone & Webster’s computer program, SHOCK3. The modal analysis technique used in
SHOCK3 computes the peak response quantities for each mode. These quantities are then
combined in Equation 3.7-29 of Section 3.7.3.1.2.4. Normal mode, linear elastic, and small
displacement theory are incorporated in SHOCK3 and PIPESTRESS.

Structural response spectra, consisting of peak responses of a family of seismic loadings for
the piping systems, are the amplified response spectra, obtained for discrete locations in the
structure where the piping system is supported. (See Section 3.7.2 for the development of the
amplified response spectra.) Damping factors used for critical piping and components are 0.5%
for the operating-basis earthquake and 1% for the design-basis earthquake. As an alternative, the
following damping values given in the ASME Code Case N-411 may be used for both the
operating-basis earthquake and the design-basis earthquake. These values specifically are: 5%
below frequency of 10 Hz; linear reduction from 5% to 2& between 10 Hz and 20 Hz and 2%
above 20 Hz. These damping values are used in the following situations and the following
additional considerations:

1. For seismic analyses in cases where new piping is added, existing systems are modified,
existing systems are re-evaluated and for support optimization.

2. For seismic analyses using response spectrum methods and not for seismic analyses using
time-history analyses methods.

3. When these alternate damping values are used, they are used in a given analysis in their
entirety.

4. When these damping values are used together with changes in the support arrangement that
increases the flexibility of piping systems, the predicted maximum displacements are
reviewed to ensure that such displacements do not cause adverse interaction with adjacent
structures, components or equipments.

5. When these damping values are used, the ±15% peak broadening criteria of Regulatory
Guide 1.122, Development of Floor Design Response Spectra for Seismic Design of
Floor-Supported Equipment or Components, are used.

The uncertainties in the calculated values of fundamental structural frequencies due to
expected variations in subgrade and structural material properties are taken into account. The peak
resonant period value(s) in the amplified response spectra developed in Section 3.7.2 are subject
to variations of 15% for Units 1 and 2 and its site. Accordingly, piping systems designed using
amplified response spectra having modal periods within ±15% of the peak resonant period(s) are



Revision 43—09/27/07 NAPS UFSAR 3.7-29
 

assigned the peak response value(s). Outside this range, the amplified response spectra are used
exactly as stated.

Where a piping system is subjected to more than one amplified response spectrum, such as
support points located in different parts of the structure, the amplified response spectrum closest
to and higher in elevation than the center of mass of the piping system is applied to the system.

Relative seismic structural displacements between piping supports and anchor points (i.e.,
between floor penetrations and equipment supports at different elevations within a building, and
also between buildings) are used as inputs of equivalent static boundary displacement conditions
in SHOCK3. Relative seismic displacements between pipe support points in different buildings
are always considered to be out of phase, to obtain the most conservative piping responses.

Internal moments and forces in all Seismic Class I piping systems, due to relative seismic
motion between piping supports for each of the three orthogonal directions, are computed
separately at each mass node by SHOCK3. The square root of the sum of the squares of the
internal moments and displacements, due to all three differential seismic motions, are
superimposed at each mass node with the moments and displacements due to inertial effects
computed in Equation 3.7-29 (Section 3.7.3.1.2.4), resulting in the total seismic response in each
global coordinate direction of the piping system.

Internal moments and forces computed by SHOCK3 as the seismic responses of the piping
system are combined with responses from deadweight, pressure, thermal, and other mechanical
loads to complete the stress analysis of all Seismic Class I piping. For ASME Code Class 1
piping, stress intensities and cumulative usage factors of the piping system are computed by Stone
& Webster’s computer program NCCODE, based on formulations specified in Subarticle
NB-3600. For ASME Code Class 2 and Class 3 piping, maximum stresses are computed by Stone
& Webster’s computer program, STRESSCOMBINER, based on formulations specified in
Subarticles NC-3600 and ND-3600.

The seismic design and analysis criteria for ASME Code Classes 1, 2, and 3 are defined in
Table 3.7-2. The design loading combinations and stress limits for Seismic Class I piping systems
are defined in Table 3.7-3.

3.7.3.1.2 Basic Steps and Equations Used in the Analytical Procedure

3.7.3.1.2.1 Flexibility/Stiffness Influence Coefficient Matrix. T h e  f l ex i b i l i t y  i n f l u e n ce
coefficient matrix, [δ], as defined here, gives the deflections in the structure due to unit loads at
each static degree of freedom. This matrix is related to the stiffness matrix by the following:

[δ] [K] = [I] (3.7-23)
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where:

[K] = the square stiffness matrix of all mass nodes of the piping system obtained by 
combining the stiffness of individual piping elements

[I] = unit matrix

The flexibility matrix of each beam element includes the coupled axial, bending, shear, and
torsional flexibilities. The size of the stiffness matrix for each piping structural element is 12 x 12,
since six forces and moments and six deflections and rotations are considered by the piping
flexibility program in each of the two nodes of an element.

The unrestrained general stiffness matrix [K] of a dynamic structural model is condensed to
a square reduced-stiffness matrix [k]. This procedure excludes rigid constraints and condenses
rotational stiffness coordinates into dependent coordinates of the translational displacement
stiffness matrix (Reference 44).

3.7.3.1.2.2 Normal Mode Frequencies and Mode Shapes. After development of stiffness and
mass matrices, natural frequencies and their associated mode shapes are determined by solution of
the following equations:

[[k] - wi
2 [m]] [Qi] = 0 (3.7-24)

where:

[k] = square reduced-stiffness matrix

[wi] = natural frequencies of system (i = 1, 2,.....n)

[m] = mass matrix

[Qi] = mode shape vector associated with the ith mode

Through the use of SHOCK3, the w values and [Qi] matrix for each of the n modes are
computed (i = 1, 2.....n, where n equals degrees of freedom of the piping system dynamic
structural model).

3.7.3.1.2.3 Modal Response Quantities. For the acceleration response spectrum method of
analysis, the maximum displacements in global coordinates are:

{ymax}n = [Q]{qmax} (3.7-25)

where:

[Q] = square matrix containing an eigenvector for each mode

{qmax} = maximum generalized displacement vector
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= [wn
2] -1 [Sa][Mn]-1 [Q]T [m] {D} (3.7-26)

and:

[Mn] = generalized mass = [Q]T[m] [Q]

{D}= direction vector

[Sa] = matrix of spectral acceleration values

Equation 3.7-25 is rewritten as:

{y max} = [Q] [wn
2]-1 [Sa] [ ]n (3.7-27)

where:

[ ]n = participation factor of the system

= [Mn]-1 [Q]T [m] {D} in Equation 3.7-26

Inertia forces for each mass point are then calculated:

{Fmax} n = (3.7-28)

where:

d = number of modes considered

3.7.3.1.2.4 Combined Response Quantities. To predict maximum responses due to seismic
excitation, modal responses are combined by one of the following procedures.

1. Compute modal internal moments due to dynamic responses of inertial forces by X-direction
input spectrum for each mode. Repeat it for Y-direction and Z-direction input spectra,
respectively. The notation of the internal moment of ith mass around the x-axis due to jth
mode dynamic responses of system by X-direction earthquake spectrum is (Mix)jx where:

i = number of mass, i = 1, 2, 3....N

j = number of modes employed, j = 1, 2, 3....d

Γ

Γ

M[ ]
nxn( )

Q[ ]
nxd( )

Wd
2[ ]

dxd( )
q max
dxi( )
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Nine arrays (sizes N x d) of internal moments are computed:

(Mix)jx (Miy)jx (Miz)jx
(Mix)jy (Miy)jy (Miz)jy
(Mix)jz (Miy)jz (Miz)jz

Internal moments for each ith mass are combined statistically in Equation 3.7-29:

(3.7-29)

The procedure used for combining maximum modal responses of seismic subsystems is
based on the square root of the sum of squares (SRSS) of the vectorial sum of two orthogonal
horizontal modal responses, and the vertical modal responses.

For a single-degree-of-freedom linear system oriented arbitrarily with respect to horizontal
directions, the vectorial sum of the responses by considering both horizontal components of
the spectra is an upper bound of the response of the system (Reference 45). Since the seismic
analysis of the piping system is based on eigensolutions of the system’s dynamic structural
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model, this method is conservative in computing both piping seismic responses and seismic
reactions on equipment and supports.

2. The seismic inertia calculations are performed for each of the three component directions of
earthquake individually. To combine the responses due to each earthquake within each mode,
the method of SRSS combination is used. The modal responses are summed by the grouping
method. Two consecutive modes are defined as closely spaced if their frequencies differ from
each other by ten percent or less of the lower frequency.

The effects of each of the three components of earthquake (two horizontal and one vertical)
are combined by the SRSS method.

The SRSS method is an acceptable procedure if certain approximations in random vibration
analysis for earthquake effects in the amplified response spectra are made (Reference 46).
Justifications of the applicable amplified response spectra in comparison to the time-history
analysis of primary systems are presented in Appendix 13B.

The approach used in the SRSS method—both in Reference 46 and in the Stone & Webster
analyses—is based on the assumption that an earthquake is a stationary random process, with no
need for any special consideration of the spacing of the modes of the secondary systems.

Section 3.7.3.1.2.2 shows a comparison of responses obtained by the time-history method
and the response spectrum method for structures. Examination of mode frequencies reveals that
closely spaced frequencies occur at higher modes that have an insignificant contribution to the
total response of the structure.

3.7.3.1.2.5 Description of NUPIPE-SW Computer Program. The following is a brief description
of the analytical procedure used in the NUPIPE-SW computer program. A detailed description of
the subject computer program can be obtained in the NUPIPE-SW users manual which is on file
at Stone and Webster Engineering Corporation offices.

3.7.3.1.2.5.1 General Description. The basic method of analysis used is the finite element
stiffness method. The continuous piping is mathematically idealized as an assembly of elastic
structural members (simple beam elements) connecting discrete nodal points. System loads and
displacements such as deadweight, equivalent thermal forces, earthquake inertia forces, and
anchor displacement are applied at the nodal points. Piping system restraints are represented by
stiffness values.

Analysis for each type of load is performed individually, either statically or dynamically,
and results superimposed on the results of other load analyses as required to meet stress
requirements of the appropriate codes. Loadings such as pressure, thermal expansion, deadweight,
and building and support point motions are typically evaluated by static analysis. Response of a
piping system to seismic excitation and other occasional loads, such as flow-induced transients, is
commonly determined utilizing dynamic methods of analysis.
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3.7.3.1.2.5.2 Static Analysis. The static events to be considered in the design and analysis of a
nuclear piping system include the loads resulting from deadweight, applied forces, thermal
expansion, uniform acceleration, and anchor movement conditions. For static loadings
representing these conditions, the following equation is used:

F = Ku....................................... A-1 (3.7-30)

where F = The applied nodal force

K = The global stiffness matrix

u = The unknown displacement

The global stiffness matrix is formulated by adding the contributions of the element and
support stiffnesses. Depending on the load case, NUPIPE may form appropriate types of static
stiffness matrices.

The unknown nodal displacements are obtained in NUPIPE by solving the simultaneous
equations resulting from equation A-1, using the Gauss method. These nodal displacements are
then applied to the individual members, and the member stiffness used to determine the internal
forces. The nodal displacements at support locations can be used along with the stiffnesses to
determine support reactions.

3.7.3.1.2.5.3 Dynamic Analysis. 

3.7.3.1.2.5.3.1 Response Spectra Method. The mathematical model utilized for static analysis is
supplemented through addition of concentrated mass points at suitable locations (nodal points) to
provide response to the particular type of dynamic loading being considered.

The eigenvalues (natural frequencies) and the eigenvectors (mode shapes) for each of the
natural modes are calculated by solving the frequency equation. The natural mode shapes are then
used to effect an orthogonal transformation of equation of equilibrium. This yields a series of
independent equations of motion uncoupled in the system modes. The uncoupled equations are
solved by either the step-by-step integration or the response spectrum method to obtain system
response within each mode, and the individual modal results are combined to determine the total
system dynamic response.

System response to seismic disturbance is obtained using the method of modal
superposition. The inertia forces are calculated for each of the system natural modes and applied
as static forces in the same manner as the weight or equivalent thermal forces in order to find
internal forces and moments in each mode. A system response is then obtained.

3.7.3.1.2.5.3.2 Time History with Modal Superposition. The stress analysis for dynamic forces
resulting from safety or relief valve blowdown or steam and waterhammer analysis is generally
performed by direct time history integration using the same discrete beam element model
described above. The equation of motion is written for each normal mode. It is solved directly in
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finite time increments for the generalized displacement. The total generalized displacement is
transformed using the mode shape vector to form the system total displacement vector. This
transformation is performed for each mode for each time step. These modal displacements are
then applied to the system to determine internal forces, moments, and reactions for each mode for
each time step. Finally, the modal responses at each time step are combined directly to form total
response for each time step.

3.7.3.1.3 Analytical Procedure and Design Criteria

3.7.3.1.3.1 ASME Code Class 1 Piping. The ASME Code Class 1 piping systems are analyzed
using NUPIPE-SW or NCCODE, based on formulations and criteria specified in Subarticle
NB-3650. Subarticle NB-3112.3(b) requires a number of earthquake cycles and seismic events
used in the analyses of the ASME Code Class 1 components to be specified as part of the piping
design criteria. The specifications are as follows:

1. A total of five operational-basis earthquake (OBE) (one-half safe-shutdown earthquake) and
one design-basis earthquake (DBE) (safe-shutdown earthquake) seismic events will occur
during the life of plant.

2. One hundred seismic stress cycles are imposed on the piping system during each
operational-basis earthquake.

3.7.3.1.3.2 ASME Code Class 2 and Class 3 Piping. The ASME Code Class 2 and Class 3
piping systems are analyzed using NUPIPE-SW or STRESSCOMBINER, based on formulations
specified in Subarticles NC-3600 and ND-3600. The seismic stresses are governed by the
following allowables:

Pressure stress (S1p) + dead load stress (Sd1) ≤ SL (3.7-31)

Pressure stress + dead load stress + OBE stress ≤ 1.2 Sh (3.7-32)

Pressure stress (S1p) + dead load stress (Sd1) + DBE stress ≤ 1.8 Sh (3.7-33)

Thermal stress ≤ (1.25 Sc + 0.25 Sh) f + (Sh - ⎪ S1p + Sd1 ⎪) (3.7-34)

where:

Sh = allowable stress of material at hot temperature (Tables I-7.1, I-7.2, I-8.1, and I-8.2 of 
ASME Code Section III)

Sc = allowable stress of material at cold temperature (Tables I-7.1, I-7.2, I-8.1, I-8.2 of 
ASME Code Section III)

f = stress range reduction factor for cyclic condition (Table NC-3611.1(b)(3)-1 of ASME 
Code Section III)
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Equation 3.7-31 is based on Subarticle NC-3611.(c) for normal condition.

Equation 3.7-32 is based on Subarticles NC-3611.(c) and NC-3612.3, which state that
seismic events of operational-basis earthquake for normal and upset conditions occur for less than
1% of the operating period. The stress limit is increased 20%.

Equation 3.7-33 is based on Subarticles NB-3652 and NB-3655, which state that a stress
limit of 2.25 Sm for emergency condition (during DBE occurrence) is 1.5 times greater than the
stress limit of 1.5 Sm for normal and upset conditions (during OBE occurrence). Based on the
stress limit of 1.2 Sh for ASME Code Class 2 and Class 3 piping, in normal and upset conditions,
the stress limit for emergency/faulted condition is thus derived to be 1.5 times 1.2 Sh, or 1.8 Sh.

Equation 3.7-34 is based on Subarticles NC-3611.(b)(3) and (b)(4).

All stress calculations for ASME Code Class 2 and Class 3 piping are based on equations
given in Subarticle NC-3672.9, including bending and torsional effects. All inertial effects of
eccentric mass, such as valve and valve operators connected to the piping system, are included in
the dynamic structural model for the stress analysis.

Dynamic force loadings, resulting from sudden closure of an isolation valve or a turbine
throttle valve on the piping system (for example, transient loading on steam line due to turbine
trip), are to be included as occasional mechanical loads in piping analysis. For the steam generator
replacement efforts at North Anna, the STEHAM computer program was utilized to determine
dynamic force loads resulting from a main steam line break. Constraints or hydraulic snubbers are
used as required to control excessive displacements or moments due to these transient loadings.

Field located seismic supports and constraints for Seismic Class I piping systems, including
snubbers and dampers, are installed in accordance with seismically designed piping shown on
approved construction drawings. Inspections are conducted to verify that these seismic restraints
are fabricated and located in accordance with the construction plan and other applicable
documents.

3.7.3.1.3.3 Buried Seismic Class I Piping. Responses of buried Seismic Class I piping to
differential ground motion, due to particle motions caused by seismic wave propagations, are
calculated by a method reported by N. M. Newmark (Reference 45). It can be shown that in the
rock-founded site of the plant, the transverse bending stress due to shear wave propagation along
buried pipe will be negligible. Axial tension and compression, due to differential ground motion
on buried pipes, are minimal in rock-founded site.

Reactions and bending moments of buried Seismic Class I piping, due to differential motion
at structural penetrations, are calculated by considering a buried pipe as a semi-infinite beam on
an elastic soil foundation with full restraint at structural penetrations. The maximum expected
seismic displacements at the structural penetration and the maximum modulus of the soil
foundation are used to calculate the stress. The results are superimposed with axial
tension-compression stress to meet the requirements defined in Subarticles NC-3600 and
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ND-3600. If these stresses are found to be excessive, the seismic design of the underground piping
within concrete or steel conduits (unattached to any structure), with or without expansion joints, is
incorporated into the system.

3.7.3.1.3.4 Seismically Induced Effects of Other Piping on Seismic Class I Piping. To prevent
propagation of failure from seismically induced effects of non-Seismic Class I piping to Seismic
Class I piping, each non-Seismic Class I piping system is isolated from any Seismic Class I piping
system by either a constraint or barrier, or is remotely removed from the location of the Seismic
Class I piping system. If it is not practical to isolate the Seismic Class I piping system from the
non-Seismic Class I piping system, adjacent non-Seismic Class I piping is seismically designed
according to the same criteria as applicable to the Seismic Class I piping.

3.7.3.1.3.5 Small-Size Seismic Class I Piping. ASME Code Class 1 piping systems 1-inch NPS
or below, such as sample, drain, and instrument lines, and ASME Code Class 2 and Class 3
systems, 6-inch NPS and smaller, are subjected to analyses using acceleration values from the
amplified response spectra. The length of span between supports is selected so that the
fundamental frequency is removed from the resonant band of the amplified shock spectra as
specified in Section 3.7.3.1.3.7.

The combined stresses are also checked by Equations 3.7-31, 3.7-32, 3.7-33, and 3.7-34, as
defined in Section 3.7.3.1.3.2.

3.7.3.1.3.6 Pressure Relief Piping. The installation criteria for mounting of all pressure relief
devices (safety and relief valves) and for governing materials, fabrication, examination, testing,
inspection, stamping, and reporting are in accordance with the rules in Subsections NB, NC, and
ND of ASME Code Section III, applicable to the classification of the piping system involved.

The design criteria for all safety relief valves are in accordance with the rules in Subarticles
NB-3677 and NC-3677, applicable to the classification of the piping system involved. In
particular, the design criteria and analyses used to calculate maximum stresses and stress
intensities are in accordance with Subarticles NB-3600 and NC-3600. Maximum stresses on each
valve nozzle are calculated based on full-discharge loads (thrust and bending) and internal design
pressure. Maximum stress intensity in the run pipe, or header, under full-discharge loads (thrust,
bending, and torsion) and internal design pressure is also computed by Stone & Webster’s
PITRUST computer program (Reference 47).

In the case of safety or relief valve(s) mounted on a common header and full discharge
occurring concurrently, the additional stresses induced in the header are combined with the
previously computed local and primary membrane stresses to obtain the maximum stress
intensity.

3.7.3.1.3.7 Simplified Analysis of Seismic Class I Piping. The basic approach to the design of
small-size ASME Class 1 piping (1-inch NPS and smaller), and ASME Class 2 and Class 3 piping
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(6-inch NPS and smaller), is to make the system relatively rigid whenever engineering design
criteria dictate.

The space between pipe constraints is selected so that the fundamental frequency, fp, of the
piping section is always greater than 1.5 fs where fs is the highest peak resonant frequency of the
structure, as determined from applicable amplified response spectra. Inertial loads (“g” factor)
from the operational-basis earthquake and the design-basis earthquake are conservatively set at
one-half the peak acceleration of the operational-basis earthquake and the design-basis earthquake
response spectra, respectively, using this predetermined span. The dead weight stresses are
multiplied by the applicable “g” factor in the X, Y, and Z directions, as specified, which are set at
one-half the peak acceleration, or 0.5g minimum; this multiplication produces the seismic stress
induced by the operational-basis earthquake and the design-basis earthquake, respectively, in all
three directions. The seismic stress calculation is based upon equations in Subarticle NC-3672.9.
The “g” factors for the X, Y, and Z directions are specified explicitly for each problem. Pressure
stress is calculated as per Subarticle NC-3611.1.(4).(b).

Allowable thermal stresses, based on Subarticle NC-3611.1, of the piping sections are
calculated under applicable boundary conditions.

This simplified analytical approach is to perform stress calculations for small-size pipes in a
sectionalized “between supports” manner without using computer analyses. This is justifiable
because a rigid system with sufficient pipe supports represents many one-dimensional,
straight-beam problems, wherein the coupling effects of the three-dimensional piping systems are
eliminated. Constraints are placed near elbows, tees, and concentrated masses, such as valves,
etc., so that coupling effects are negligible. These calculations of maximum combined stresses
provide sufficient and conservative data to satisfy the requirements of Subarticle NC-3600 as
specified by Equations 3.7-31, 3.7-32, 3.7-33, and 3.7-34 in Section 3.7.3.1.3.2.

The reactor vessel level inventory system (RVLIS) was evaluated and qualified by
Framatome ANP using computer code BWSPAN (Reference 79). BWSPAN is designed to
perform analysis in accordance with the ASME Boiler and Pressure Vessel Code, Section III
Nuclear Power Plant Components and the ANSI B31.1 Power Piping Code. BWSPAN was
specifically used for evaluating the configuration of the RVLIS piping routed from the
replacement closure head up to and including 1-RC-209 for Unit 1 and 2-RC-208 for Unit 2, “RX
Vessel Vent Line to RVLIS Isolation Valve.” The RVLIS is designated Class 1 piping and should
be analyzed to ASME Code, Section III Subarticle NC-3600 per Table 3.7-3. The code identifies
that stress calculations for Class 1 1-inch and smaller pipe is the same as for Class 2 6-inch or
smaller pipe. The stress analysis of the RVLIS line piping was performed per ASME Code,
Section III, 1971 Edition (Summer Addendum), NC 3600 (Class II analysis).
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3.7.3.2 Summary of Equipment Design Procedures

Seismic Class I systems and components are those necessary to ensure:

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.

3. The capability to prevent or mitigate the consequences of accidents that could result in
potential offsite exposures comparable to the guideline exposure of 10 CFR 50.67.

All Seismic Class I equipment is evaluated for seismic adequacy. Depending on equipment
location, the basic source of seismic design data is either the ground response spectra or the
amplified response spectra derived through a dynamic analysis of the relevant structure (see
Section 3.2.1) including amplification, if any, through the intervening system or component (e.g.,
through piping or cabinets).

These spectra are developed and used for equipment consistent with the damping factors
tabulated in Table 3.7-1, or as justified by test. The uncertainties in the calculated values of
fundamental structural frequencies due to reasonable variations in subgrade and structural
properties are taken into account. The peak resonant period value(s) in the amplified response
spectra developed as described in Section 3.7.1 are subject to variations of +15% and -15% for
this plant and site. Accordingly, equipment designed using these amplified response spectra
having modal periods within +15% and -15% of the peak resonant period(s) are assigned the peak
resonant response value(s). Beyond this range, the amplified response spectra are used exactly as
shown.

These requirements pertain to all Seismic Class I equipment regardless of industry code or
code classification. The requirements for seismic qualification are intended either to supplement
existing industry analytical requirements where applicable, or to provide documentation of
component adequacy to combined normal plus earthquake loads where no documentation
requirements currently exist. All acceleration (“g”) factors and analyses are based on elastic
analysis exclusively.

Four principal categories of evaluation are considered. These are:

1. Static analysis.

2. Dynamic analysis

3. Testing.

4. Earthquake experience-based method developed for Unresolved Safety Issue (USI) A-46.

3.7.3.2.1 Static Analysis

Static analysis is used for equipment that can be characterized as a relatively simple
structure. This type of analysis involves the multiplication of the equipment or component total
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weight by the specified seismic acceleration component (direction-dependent loading) to produce
forces that are applied at the center of gravity in the horizontal and vertical directions. A stress
analysis of equipment components such as feet, hold-down bolts, and other structural members, is
performed to determine their adequacy.

In the specification of equipment for static analysis, two or more sets of acceleration data
are provided, the choice of which set to use depending on the fundamental equipment natural
frequency. For the particular or “worst” equipment location, the relevant response curves are
reviewed to determine a “cutoff frequency,” which bounds the rigid range from the resonance
range of the response curves. Components having fundamental natural frequencies above the
cutoff frequency are analyzed to rigid range response accelerations. For components having a
fundamental natural frequency below the cutoff frequency, analysis is based on response
accelerations that are not less than those indicated by the curves over the full-frequency range of
the component. If the fundamental mode of the component falls within any of the “broadened”
resonant response peaks existing in the component frequency range, the resonant response
acceleration is increased by 30% as an arbitrary factor for conservatism to account for all
significant dynamic modes under a resonant situation.

3.7.3.2.2 Dynamic Analysis

A detailed dynamic analysis is performed when component complexity or dynamic
interaction precludes static analysis, or when static analysis is too conservative.

3.7.3.2.2.1 Modeling. To describe fully the behavior of a component subjected to dynamic
loads, infinite numbers of coordinates would be required. Since calculation at every point of a
complex model is impractical, the analysis is simplified by a judicious selection of a limited
number of mass points. The lumped-mass or the consistent-mass approach is used in the dynamic
analysis. In the lumped-mass and in the consistent-mass idealization, the main structure is divided
into substructures and the masses of these substructures are concentrated at a number of discrete
points. The nature of these substructures and the stiffness properties of the corresponding
modeling elements determine the minimum spacing of the mass points and the degrees of freedom
to associate to each point. In accordance with the minimum spacing requirements, the analyst can
then choose, for the model, particular mass points that reflect predominant masses of components
that are believed to give significant contribution to the total response.

In cases for which some dynamic degrees of freedom do not contribute to the total response,
static or kinematic condensation is used in the analysis.

3.7.3.2.2.2 Method of Analysis. The normal mode approach is used for seismic analysis of
components. Natural frequencies, eigenvectors, participation factors, and modal member end
forces and moments of the undamped structure are calculated. The system of equations that
describe the free vibrations of an n-degree-of-freedom, undamped structure is:

[M]  + [K] {x} = 0 (3.7-35)x··{ }
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where:

[M] = mass matrix

[K] = stiffness matrix

{x},  = displacement, acceleration vectors

The mode shapes and frequencies are solved in accordance with

[K - wn
2 M] {φ}n = 0 (3.7-36)

where:

wn = frequency of the nth mode

{φ}n = mode shape vector for the nth mode

Eigenvector, eigenvalue extraction routines such as Householder-QR, Jacobi Reduction, and
Inverse Iteration are used, depending on the total number of dynamic degrees of freedom and the
number of modes desired.

For each mode, the participation factor for the specific direction i is defined by:

(3.7-37)

where:

{φ}T = transpose of mode shape vector for the nth mode

{D}i = earthquake direction vector referring to direction i

The modal member-end forces and moments are determined by:

{Fm} n = [Km] {φ}n (3.7-38)

where:

[Km] = member stiffness matrix

For each modal frequency, the corresponding response acceleration is determined for a
given level of equipment damping from the applicable response curve.

The maximum response for each mode is found by computing:

(3.7-39)

x··{ }

Γni
φ{ } M[ ] D{ }i

T

φ{ } M[ ] φ{ }T
-----------------------------------=

x··{ } Γni
  Rni

φ{ }n=
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(3.7-40)

(3.7-41)

(3.7-42)

where:

 = modal acceleration

 = velocity

 = displacement

{Fm} = member-end force

 = spectral acceleration for the nth mode in the i direction

The total combined seismic results are obtained by taking the square root of the sum of the
squares of each parameter under consideration.

(3.7-43)

(3.7-44)

(3.7-45)

(3.7-46)

where the summation Σn includes all significant modes.

Tables 3.7-4 and 3.7-5 present margins for the actual calculated stress levels to the
allowable stress levels for Stone & Webster-supplied mechanical and structural equipment that
was qualified by analysis. These stress levels are not failure levels, but conservative allowables,
permitted by codes and standards. Thus, substantial additional margin exists beyond code
limitations to that which would compromise equipment functions.
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3.7.3.2.2.3 Testing. Equipment that is tested is qualified in accordance with plant owner’s
designated engineer’s general instructions for earthquake requirements. For tested equipment,
these requirements either supplement other applicable industry standards (such as the IEEE
Standard for Seismic Qualification of Class I Electric Equipment for Nuclear Power Generation
Stations, STD-344-1971, 1975, or 1987) or provide guidance for testing where no such codes are
available. Equipment packages or components are shown adequate either by being tested
individually, as part of a simulated structural section, or as part of an assembled module or unit. In
any case, the minimum acceptance criterion must include:

1. No loss of function, or ability to function, before, during, or after the proposed test.

2. No structural/electrical failure (i.e., connections and anchorages) that would compromise
component integrity.

3. No adverse or maloperation before, during, or after the proposed test that could result in an
improper safety action.

Equipment vendors and suppliers are required to formulate a program for qualifying the
equipment in accordance with the conditions specified in the earthquake requirements.

General testing guidance criteria specified for components include the following:

1. A frequency scan (standard logarithmic sweep) at a constant acceleration level is performed
for as much of the range between 2 and 50 Hz as practicable or justified. The objective of this
test is to determine the natural frequencies and amplification factors of the tested equipment
and its critical components or appurtenances and to ensure general seismic adequacy over the
full frequency range of interest. The acceleration inputs used are the maximum rigid-range
accelerations indicated by the relevant response spectrum curves (damping independent).

2. A “dwell test” of the equipment at its fundamental natural frequency is included at the
acceleration values specified in 1, above. Additionally, other frequencies are selected if
amplification factors of 2.0 or more are indicated. A 20- to 60-second duration is considered
acceptable for each “dwell.”

3. The test is conducted in three orthogonal directions individually, or in a manner that
adequately represents vertical and horizontal forcing simultaneously for each of two
orthogonal horizontal directions.

Qualification programs for random or sinusoidal beat excitation are considered acceptable
alternatives to the sinusoidal vibration test criteria outlined above. Also given consideration are
laboratory shock results, in-shipment shock data, or adequate historical dynamic adequacy data
(i.e., previous relevant test or environmental data). The method of test selected must demonstrate
the adequacy of principal structural and functional components of the equipment.

Table 3.7-6 provides historical information on representative safety-related components
within Stone & Webster scope of supply that have been qualified by seismic tests. Included is
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pertinent information regarding the equipment, testing facilities, testing programs, and results. All
of the equipment was concluded to be adequate for the North Anna 1 and 2 site with adequate
margin. Details of the test results, i.e., the location, number, and type of acceleration and
performance monitors, and the capability of test machines, are very lengthy and have not been
incorporated into this table. These specific details are contained in the test reports.

Substantial margin is available with reference to an increase in seismic loads for the
majority of the equipment identified in Table 3.7-6. Margin, as noted herein, is defined as the ratio
of test acceleration to required acceleration. The majority of qualified equipment has been shown
to have test margins in excess of 20%, while much of the equipment has been shown to have the
capability to withstand an earthquake of at least twice the design accelerations. For other
equipment for which large margins are not evident, additional information, entitled “Comments,”
is provided. It should be noted that this information, as well as experience with other similar
tested equipment installed at other job sites, provides the basis for the rationale in presenting
engineering judgements.

3.7.3.2.2.4 Earthquake Experience-based Method Developed for Unresolved Safety Issue (USI)

A-46. In response to U.S. Nuclear Regulatory Commission Generic Letter 87-02 on USI A-46,
Verification of Seismic Adequacy of Mechanical and Electrical Equipment in Operating Reactors,
a Generic Implementation Procedure (GIP) was developed by the Seismic Qualification Utilities
Group (SQUG). The criteria and methodology in Revision 3 of the GIP (Reference 61), as
modified and supplemented by the NRC Supplemental Safety Evaluation Report (SSERs) 2
and 3, (References 62 & 63) may be used, with certain additional considerations, as an alternative
to other licensing basis methods for seismic design and verification of existing, modified, new and
replacement equipment classified as safety-related, NSQ or seismic category 1. Considerations
that are additional to the GIP pertain to the following issues:

• Use of GIP Method A for estimating seismic demand.

• Additional criteria applicable for the design and analysis of new flat bottom vertical
tanks.

• Applicability of Part II, Section 5 of the GIP and damping values and static coefficient for
conduit and cable tray raceways evaluation.

• Use of criteria associated with damping, static coefficient and expansion anchor safety
factors for equipment anchorage evaluations conforming to current, conservative,
licensing basis commitments.

• Documentation of the results of the Screening Verification and Walkdown in Section 4.6
of the GIP may be limited to the use of walkdown checklists. It is not necessary to
complete the Screening Verification Data Sheets (SVDS).
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• It is not necessary to identify “essential relays” and perform functionality screening as
defined in Section 6 of the GIP. Relays designated as Class 1E are evaluated by
comparing seismic capacity to seismic demand.

• The GIP method is generally applicable only for equipment located in mild environment.
However, with case-by-case justification, it may be used for equipment in harsh
environment.

Guidance for the use of the GIP for the seismic design and verification of mechanical and
electrical equipment, including a discussion of the above considerations, is provided in
engineering procedures (References 77 & 78).

3.7.3.2.3 Specification Requirements

Within these three general categories, all Seismic Class I equipment furnished is shown to
meet the requirements for the operational-basis earthquake and design-basis earthquake. These
requirements are as follows.

3.7.3.2.3.1 Operational-Basis Earthquake. Equipment is designed to be capable of continued
operation, with the normal operating loads acting simultaneously with both horizontal and vertical
components of the OBE loads (see Section 2.5.2). Horizontal and vertical seismic loads are
added, considering a horizontal-direction earthquake acting concurrently with the
vertical-direction earthquake. One or more directions of the horizontal earthquake are considered
on a “most-severe basis.” The stress levels due to these combined loading conditions are kept
within maximum working stress limits permitted under applicable design standards, AISC
Manual of Steel Construction, ASME Boiler and Pressure Vessel Code, AWWA Standards, or
other codes or specifications. If no codes are used, the stress level under the combined loading is
limited to 90% of the minimum yield strength of the material, per the ASTM Specification.

3.7.3.2.3.2 Design-Basis Earthquake. The equipment is designed to withstand the combined
effects of all normal operating loads acting simultaneously with DBE loads (Section 2.5.2)
without loss of function or structural integrity. Horizontal and vertical seismic loads are added,
considering a horizontal-direction earthquake acting concurrently with the vertical-direction
earthquake, again on the “most-severe basis.” It is permissible to allow strain limits in excess of
yield strain in safety-related components during the design-basis earthquake and under postulated
concurrent conditions, provided the necessary safety functions are maintained. These limits were
defined and used only with reference to specific design codes, such as ASME Section III, which
allow such limits for this loading.

3.7.3.2.3.3 Coupled Items. In the course of analysis, a comparison of relative mass and stiffness
properties between connected components is performed. If this comparison indicates that the
possibility of dynamic interaction is small, the interface is assumed to be an anchor. For this to be
valid, the natural frequencies of connected components must be separated by a factor not less than
2, and the floor-connected component (related to amplified response curve) must be nonresonant.
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If, however, adverse dynamic coupling is concluded to be possible, the problem is resolved by two
general methods. Either additional restraints are provided to suitably alter stiffness parameters,
and thus dynamically uncouple the system, or the analytical model is formulated to include the
connected components to actually determine the coupling effects of the combined system. The
principal purpose for such considerations is to accurately or conservatively define component
interface loads (specifically nozzle loads) for inclusion in component adequacy documentation.

3.7.3.3 Seismic Design of Westinghouse Mechanical Equipment

In addition to the loads imposed on the system under normal operating conditions, the
design of equipment and equipment supports required that consideration also be given to
abnormal loading conditions such as an earthquake. Two types of seismic loadings were
considered: operational-basis earthquake and design-basis earthquake.

For the OBE loading condition, the nuclear steam supply system is designed to be capable
of continued safe operation. Therefore, for this loading condition, equipment and equipment
supports are required to operate within design limits. The seismic design for normal-plus-DBE
and normal-plus-DBE-plus-DBA loading conditions is intended to provide a margin in design that
ensures capability to shut down and maintain the nuclear facility in a safe condition. In this case,
it is only necessary to ensure that required equipment and equipment supports do not lose their
capability to perform their safety function. This has come to be referred to as the “no loss of
function” criterion.

Not all critical components have the same functional requirements for safety. For example,
no loss of function requires that rotating equipment will not seize, and components required to
respond actively, such as valves and relays, will respond properly. On the other hand, many
components can experience significant permanent deformation without loss of function. Piping
and vessels are examples of the latter; they are principally required to retain their contents and
allow fluid flow.

The design of Seismic Class I mechanical equipment is covered in this section. The seismic
design of Seismic Class I instrumentation and electrical equipment is covered in Section 3.10.
Seismic classifications of particular equipment are given in Section 3.2.1.

Tables 3.7-7 and 3.7-8 provide seismic design margins for representative safety-related
equipment within the Westinghouse Electric Corporation scope of supply.

3.7.3.3.1 Operating Conditions Categories

These categories are defined in accordance with the ASME Boiler and Pressure Vessel
Code, Section III, Summer 1968 Addenda:

1. “Normal Conditions. Any condition in the course of system start-up operation in the design
power range, and system shutdown, in the absence of upset, emergency, or faulted
conditions.
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2. “Upset Conditions. Any deviations from normal conditions anticipated to occur often enough
that design should include a capability to withstand the conditions without operational
impairment. The upset conditions include those transients that result from any single operator
error or control malfunction, transients caused by a fault in a system component requiring its
isolation from the system, transients due to loss of load or power, and any system upset not
resulting in a forced outage. The estimated duration of an upset conditions shall be included
in the design specifications—the upset conditions include the effect of the specified
earthquake for which the system must remain operational or must regain its operational
status.

3. “Emergency Conditions. Any deviations from normal conditions that require shutdown for
correction of the conditions or repair of damage in the system. The conditions have a low
probability of occurrence but are included to provide assurance that no gross loss of
structural integrity will result as a concomitant effect of any damage developed in the system.
The total number of postulated occurrences for such events shall not exceed 25.

4. “Faulted Conditions. Those combinations of conditions associated with extremely
low-probability postulated events whose consequences are such that the integrity and
operability of the nuclear energy system may be impaired to the extent where considerations
of public health and safety are involved. Such considerations require compliance with safety
criteria as may be specified by jurisdictional authorities. Among the faulted conditions may
be a specified earthquake for which safe shutdown is required.”

3.7.3.3.2 Input Criteria

Horizontal and vertical seismic umbrella spectra were generally prepared, which encompass
the floor response spectra at the elevations where the system attaches to the building structure.
The umbrella spectra were compared with the horizontal and vertical floor response spectra
developed from the results of the building time-history analysis to ensure their conservatism.

The effect of differential seismic movement of interconnected components between floors
and buildings was considered in the analysis.

The damping values used in seismic analyses are given in Table 3.7-1.

3.7.3.3.3 Seismic System Analysis

3.7.3.3.3.1 Analysis of Seismic Class I Mechanical Equipment. The seismic response of Seismic
Class I mechanical equipment within Westinghouse scope of responsibility is determined as part
of a multi-degree-of-freedom model that includes the support characteristics. This model is a
multi-mass mathematical representation of the system. A sufficient number of masses are
included to ensure an accurate determination of the dynamic response. A single mass model is
used to determine vertical response loads for the seismic design when justified by the equipment
design characteristics and/or the conservatism of the assigned loadings.
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The system is evaluated for the simultaneous occurrence of horizontal and vertical motions.
For the reactor pressure vessel, the pressurizer, the steam generator, and the reactor coolant pump
the spatial combination of seismic loadings were performed as follows:

Reactor Pressure Vessel: The results of the vertical excitation, evaluated as a single degree
of freedom model, are added absolutely to the results of the horizontal excitation.

Pressurizer: The total seismic response was obtained by combining the three components of
earthquake motion by the absolute summation method.

Reactor Coolant Pump: The three components of earthquake motion were combined by the
square root of the sum of the squares method.

Steam Generator: The total seismic response was obtained by combining the three
components of earthquake motion by the square root sum of the squares method.

In a coupled system with different structural elements, either the lowest damping value of
the system is used for all modes, or equivalent modal damping values are determined according to
the energy distribution in each mode.

The materials used in Seismic Class I mechanical equipment under Westinghouse scope of
supply are standard. The material properties that can effect a variation in modal period are well
known, and the known variation in these properties does not account for any measurable or
significant shift in period or increase in seismic loads.

The response spectrum method of analysis is used. Further details are covered in
Section 3.7.3.3.4.

3.7.3.3.3.2 Analysis of Reactor Vessel Internals. A standard reactor building with the reactor
vessel support, the standard three-loop plant reactor vessel, and the reactor internals are included
in the multi-mass mathematical model used to determine the dynamic response of the reactor
internals. The mathematical model of the building, attached to ground, is similar to that used to
evaluate the building structure. The reactor internals are modeled as a single-degree-of-freedom
system for vertical earthquake analysis because previous analyses have shown that this is its
behavior. The reactor internals are mathematically modeled by beams, concentrated masses, and
linear springs for horizontal earthquake analysis.

All masses, water, and metal are included in the mathematical model. All beam elements
have the component weight or mass distributed uniformly, e.g., the fuel assembly mass and barrel
mass. Additionally, wherever components are attached uniformly, their mass is included as an
additional uniform mass, e.g., baffles and formers acting on the core barrel. The water near and
about the beam elements is also included as a distributed mass. Horizontal components are
considered as a concentrated mass acting on the barrel. This concentrated mass also includes
components attached to the horizontal members, since these are the media through which the



Revision 43—09/27/07 NAPS UFSAR 3.7-49
 

reaction is transmitted. The water near and about these separated components is considered as
being additive at these concentrated mass points.

The concentrated masses attached to the barrel represent the following:

1. The upper core support structure, including the upper vessel head and one-half of the upper
internals.

2. The upper core plate, including one-half of the thermal shield and the other half of the upper
internals.

3. The lower core plate, including one-half of the lower core support columns.

4. The lower half of the thermal shield.

5. The lower core support, including the lower instrumentation and the remaining half of the
lower core support columns.

The modulus of elasticity is chosen at its hot value for the three major materials found in the
vessel, internals, and fuel assemblies. In considering shear deformation, the appropriate
cross-sectional area is selected, along with a value for Poisson’s ratio. The fuel assembly moment
of inertia is derived from static and dynamic tests performed on fuel assembly models. These tests
provide stiffness values for use in this analysis. The fuel assemblies are assumed to act together
and are represented by a single beam. The mathematical model used is illustrated in
Figure 3.7-15. The reactor internals damping is taken as 1.0% of critical.

The internals are evaluated for the simultaneous occurrence of horizontal and vertical
seismic input motions. The results for the vertical direction are added absolutely to the results of
the worse of those for the north-south and east-west directions.

The response spectrum method of analysis is used. Further details are covered in the
following section.

3.7.3.3.4 Seismic Subsystem Analysis

3.7.3.3.4.1 Analysis of Seismic Class I Mechanical Equipment. Westinghouse-supplied Seismic
Class I mechanical components are checked for seismic adequacy as follows:

1. If a component falls within one of the many categories previously analyzed using a
multi-degree-of-freedom model and shown to be relatively rigid, the equipment specification
for that component is checked to ensure that the equivalent static “g” values specified are
larger than the appropriate response spectrum values, and therefore are conservative. Rigid
equipment is that which has a fundamental frequency in the rigid range of the building
elevation spectrum curves. The rigid range corresponds to frequencies greater than 20 to
30 cps.

2. If the component cannot be categorized as similar to a previously analyzed component that
has been shown to be relatively rigid, an analysis is performed as described below.



Revision 43—09/27/07 NAPS UFSAR 3.7-50
 

Seismic analyses of typical Westinghouse-supplied Seismic Class I mechanical equipment,
inc luding heat  exchangers ,  pumps,  tanks ,  and valves  were  performed us ing a
multi-degree-of-freedom modal analysis. Appendages, such as motors attached to motor-operated
valves, are included in the models. The natural frequencies and normal modes are obtained using
analytical techniques developed to solve eigenvalue-eigenvector problems. A response spectrum
analysis is then performed based on the simultaneous occurrence of horizontal and vertical input
motions. The response spectra are combined with the modal participation factors and the mode
shapes to give the structural response for each mode from which the modal stresses are
determined. The combined total seismic response is obtained by adding the individual modal
responses using the square root of the sum of the squares method. Combined total response for
closely spaced modal frequencies whose eigenvectors are perpendicular are handled in the
above-described manner. In the rare event that two significantly closely-spaced in-phase modes
occur, the combined total response is obtained by adding the square root of the sum of the squares
of all other modes to the absolute value of one of the closely spaced modes.

Hydrodynamic analysis of tanks is performed using the methods described in Chapter 6 of
the U. S. Atomic Energy Commission - TID-7024. Bridge and trolley structures are designed so
that restraints prevent derailing due to the design-basis earthquake. The manipulator crane is
designed to prevent disengagement of a fuel assembly from the gripper under the design-basis
earthquake.

Components and supports of the reactor coolant system are designed for the loading
combinations given in Section 5.2. These components are designed in complete accordance with
the ASME Code, Section III, Nuclear Vessels, and the USAS B31.7 Code for Nuclear Power
Piping. For the steam generator replacement efforts at North Anna, the STRUDL-SW computer
program was utilized to qualify the steam generator lower support structure. The allowable stress
limits for these components and supports are also given in Section 5.2.

The loading combinations and stress limits for other components and supports are given in
Section 3.9.

3.7.3.3.4.2 Analysis of Reactor Vessel Internals. The vessel internals are dynamically analyzed
using the response spectra method.

The response of the internals is obtained by adding the absolute values of the responses for
all modes.

The application of the response spectra is to a linear analysis, which has the advantage of
simplicity compared to a time-history analysis, and provides information about the natural
frequency of the system.

Linear analysis is justified for use if the results are conservative compared to a time-history
analysis. If the results obtained from the linear analysis indicate that the relative displacements
between the components will close the gaps, and consequently the structures will impinge on each
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other, the indication of the linear analysis is unrealistic, and this forces the application of
nonlinear methods to study the problem.

Reference 48 provides further details of the seismic methods used for reactor internals.

The criterion for normal-plus-OBE loadings is that the stresses are limited to those given by
the ASME Boiler and Pressure Vessel Code for upset conditions. These limits are intended to
ensure that the reactor will be able to continue or resume operation. For the normal-plus-DBE and
the normal-plus-DBE-plus-DBA loading conditions, the criterion for acceptability in regard to
mechanical integrity analyses is that adequate core cooling and core shutdown must be ensured.
This implies that the deformation of the reactor internals must be sufficiently small so that the
geometry remains substantially intact. Consequently, the limitations established on the internals
are concerned principally with the maximum allowable deflections and/or stability of the parts.
The deflections and stresses caused by the design-basis earthquake are small in comparison to
those caused by the design-basis accident. Accordingly, faulted limits for the internals are covered
in Section 3.9.3.

3.7.3.3.5 Seismic Design Control Measures

The following procedure is used for Westinghouse-supplied Seismic Class I mechanical
equipment that falls within one of the many categories analyzed as described in Sections 3.7.3.3.3
and 3.7.3.3.4 and shown to be rigid as defined in Section 3.7.3.3.4.

1. Equivalent static acceleration factors for the horizontal and vertical directions are included in
the equipment specification. The vendor must certify the adequacy of the equipment to meet
the seismic requirements as described in Section 3.7.3.3.4.

2. When the floor response spectra are developed, the cognizant engineer responsible for the
particular component checks to ensure that the acceleration factors are less than those given
in the equipment specification.

All other Westinghouse-supplied Seismic Class I equipment is analyzed or tested as
described in Sections 3.7.3.3.3, 3.7.3.3.4, and 3.10. For new and replacement equipment, the
evaluation methodology described in Section 3.7.3.2.2.4 may be used as an alternative.
Westinghouse design control generally and seismic design control specifically is discussed in
detail in Chapter 17.

3.7.3.4 Analysis of Seismic Class I Piping Systems Using Other Computer Codes

The piping analysis may be performed using computer codes in addition to the codes
mentioned in Sections 3.7.3.1, 3.7.3.2 and 3.7.3.3, provided these computer codes are verified to
meet applicable NRC requirements.
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3.7.4 Criteria for Seismic Instrumentation Program

A seismic instrumentation program is provided to monitor and record input motion and
behavior of major Seismic Class I structures and components of Unit 1 of the North Anna Power
Station during a seismic event. The program complies with the requirements of AEC Regulatory
Guide 1.12, Revision 1, dated April 1974, except as noted in Section 3A.11.

The instruments provided on appropriate structures and components are as follows.

3.7.4.1 Acceleration Sensor

Two triaxial acceleration sensors are installed in the containment structure at the crane wall,
one on top of the foundation mat, and one directly above on the operating floor. These
acceleration sensors will detect and transmit seismic responses to the control room recorder.

3.7.4.2 Seismic Trigger

One triaxial seismic trigger is installed in the containment structure, just outside the crane
wall, on top of the foundation mat. The seismic trigger will actuate the control room recorder at
seismic responses of 0.01g or greater.

3.7.4.3 Seismic Switch

One triaxial seismic switch is installed in the containment structure, just outside the crane
wall, on top of the foundation mat. The seismic switch will trip a control room anunciator when
containment foundation operational-basis earthquake zero period responses of 0.06g horizontally
or 0.04g vertically are reached or exceeded.

3.7.4.4 Peak Accelerograph

Three triaxial peak accelographs are installed, one on a residual heat removal heat
exchanger (reactor equipment), one on a safety injection pipe (reactor piping), and one on a
component cooling heat exchanger (Seismic Class I equipment outside the containment). These
peak accelerographs are passive devices that will detect and record the peak amplitude of
low-frequency seismic response.

3.7.4.5 Response Spectrum Recorder

Four triaxial response spectrum recorders are installed, one in the containment structure just
outside the crane wall, on top of the foundation mat, one on a residual heat removal pipe support
(reactor piping support), one on a component cooling heat exchanger support (Seismic Class I
equipment support outside of the containment), and one on the auxiliary building foundation mat
(foundation of Seismic Class I structure with response different than containment). The
containment response spectrum recorder will trip a control room annunciator when containment
foundation OBE horizontal responses corresponding to Figure 2.5-11 (or two-thirds of those
values for vertical response) are reached or exceeded. All four response spectrum recorders will
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detect and record the peak amplitude of resonant seismic response of various elements “tuned” in
the range from 2 Hz to 25.4 Hz.

Regulatory Guide 1.12 provides a general basis for selection of earthquake instrumentation
for Seismic Class I structures and components where instruments are installed. The Guide
specifies that the containment be instrumented with two triaxial acceleration sensors. Since the
structure is founded on fresh rock, a separate “free field” triaxial acceleration sensor is not
required. The auxiliary building was selected to be instrumented because it is founded partially on
weathered rock and partially on compacted backfill (hence its seismic response will differ from
that the containment) and because its close proximity to the control room will minimize the time
for data retrieval. The specific reactor equipment, reactor piping, reactor piping support, and
Seismic Class I equipment outside the containment were selected because their surface
temperatures are within the operating limitation of the instruments. They are located in places
where radiation exposure during data retrieval will not be excessive.

Seismic responses recorded during an earthquake can be used to verify the accuracy of
seismic analysis by applying the containment foundation records as input to mathematical models
of those structures and components instrumented for comparison of calculated and recorded
results. Postearthquake analysis can be initiated by implementation of the following steps:

1. The magnetic tape records from the acceleration sensors are corrected for time signal
variations and baseline deviations.

2. The digitized time-history records, from acceleration sensors located at the operating floor of
the containment structure, are used for calculation of amplified response spectra of the
structure at that level.

3. The time-history records from the containment foundation mat acceleration sensors are used
as input ground motion for the containment structure mathematical model. Amplified
response spectra are then calculated at the operating floor for comparison with the response
spectra determined in Step 2. Reasonable correlation between the two spectra is
accomplished on an iterative basis by varying physical properties (stiffnesses and damping
characteristics) to “calibrate” the dynamic model.

4. The time-history records from the containment foundation acceleration sensors are used as
input ground motion for the auxiliary building structure subgrade mathematical model.
Amplified response spectra are then calculated at the top of the foundation mat for
comparison with the actual response spectra recorded by the auxiliary building response
spectrum recorder. Again, reasonable correlation between the two is accomplished on an
iterative basis to calibrate the dynamic model.
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5. Structural response, amplified response spectra, and component response can then be
calculated with the calibrated mathematical models for further comparison with other
recorded data, and with the original design parameters. These comparisons will permit an
evaluation of the effects of the seismic event on the structures and equipment and will form
the basis for any additional analysis or physical inspection.

3.7.4.6 Use of Data from Seismic Instrumentation

In accordance with paragraph V(a) of Appendix A to 10 CFR 100, an orderly and
sequential shutdown of the North Anna units will be carried out according to detailed written
station procedures if a seismic event with vibratory ground motion equal to or exceeding that of
the operational-basis earthquake occurs. Prior to resuming operations, it will be demonstrated to
the NRC that no functional damage has occurred to those features necessary for continued
operation without undue risk to the health and safety of the public, or that the necessary repairs to
those features have been completed.

The seismic instrumentation program provides for immediate indication of a seismic event
with vibratory ground motion equal to or exceeding an operational-basis earthquake. For this
purpose, two annunciators are provided, one wired to a response spectrum recorder and one wired
to the seismic switch.

3.7.5 Seismic Design Control Measures

Components and equipment requiring seismic input are specified in Section 3.2.1. When
equipment specifications are prepared, a check is made to ensure that they are in full compliance
with the North Anna 1 & 2 UFSAR. All designers and vendors of Seismic Class I equipment are
provided the necessary seismic information for the design and verification of components and
equipment. This information is either amplified (floor) acceleration data (in the form of either
response spectra or acceleration “g” constants) or dynamic model data necessary to incorporate
coupling effects.

Components not specifically affecting structural response are specified in accordance with
procedures outlined in Section 3.7.3.2, and are designed to meet a specific criterion (code
allowable or other). All vendor-supplied documentation is reviewed to ensure component
adequacy with respect to specified criteria. The vendor-proposed methods for documenting
seismic adequacy are reviewed prior to implementation, and reviewed in detail for approval upon
submittal of completed documentation.

3.7.6 Containment Base Mat Reevaluation

In 1980, the NRC expressed concern about the validity of the frequency response method,
described in Section 3.7.2, for determining the response of the containment base mat.
Consequently, the containment base mat amplified response spectrum was generated using a
lumped-mass spring model and time-history analysis method as described in Appendix 13B.
These spectra are shown in Figures 3.7-16 and 3.7-17.
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The containment base mat amplified response spectra calculated from this time-history
analysis are very conservative with respect to the smooth ground response spectra, because the
artificial earthquake chosen to represent free-field time history is conservative (Figure 3.7-18).
This figure also compares the mat response spectra and the ground response spectra generated
from artificial time history.

At all elevations above the containment mat, the amplified response spectra remain as
originally calculated by the frequency response method. Evaluation of safety-related components
has now been completed for smooth ground response spectra, and all have been found acceptable
without any design modifications.
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Prepared for EPRI and SQUG by MPR Associates, July 2000.

77. Dominion Technical Report CE-0076, Technical Requirements, General Design Criteria and
Guidelines for Seismic Qualification of Mechanical and Electrical Equipment.

78. Dominion General Engineering Nuclear Standard STD-GN-0038, Seismic Qualification of
Equipment and Parts Using SQUG, EPRI and IEEE Procedures.

79. BWSPAN Pipe Stress Analysis, Version 9.2 (2A-4 Rev. T), User’s Manual, Developed by
Babcock and Wilcox Co.

80. BIJLAARD Local Shell Stress Calculation, Version 1.0, Developed by Framatome ANP.

81. FERMETURE Closure Analysis, Version AXP 2.2, Developed by Framatome ANP.

82. SYSTUS General Finite Element System, Developed by Framatome ANP;
Module SYSNUKE Version 233 AXP 3 for Closure Head Stress and Fatigue Analysis;
Module NUKE Version 1.03 SGI for Adapter Tube and Vent Pipe Stress and Fatigue
Analysis.

83. RCCM-ASME Pressure Retaining Boundary Analysis, according to ASME Code Developed
by Framatome ANP, Version AXP 2.3.12 for Closure Head Stress and Fatigue Analysis;
Version 2.3.13 SGI and 2.3.14 SGI for Adapter Tube and Vent Pipe Stress and Fatigue
Analysis.
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Table 3.7-1
DAMPING FACTORS

Stress Level
Type and Condition of Structure,
System, or Component

Percent of 
Critical 
Damping

Low stress, well below 
proportional limit. Stresses 
below 0.25 yield point.

Steel, reinforced concrete; no cracking 
and no slipping at joints

0.5-1.0

Working stress limited to 0.5 
yield point stress.

Welded steel, well-reinforced concrete 
(with only slight cracking)

2.0

Bolted steel 5.0

At or just below yield point. Welded steel 5.0

Reinforced concrete 5.0

Bolted steel 7.0
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Figure 3.7-4 

STRESS DISTRIBUTION FOR TORISPHERICAL VESSEL, 100 lbf/in2
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Figure 3.7-5 
PRESSURE: MAXIMUM

STRAIN IN TORISPHERE
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Figure 3.7-6 
FLOW CHART: LIMITA II
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Figure 3.7-7 
COMPARISON OF MAT 5 OUTPUT TO HAND CALCULATIONS

FOR A TEN FT CIRCULAR MAT ON SOIL
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Figure 3.7-8 
COMPARISON OF MAT 5 OUTPUT TO HAND CALCULATIONS

FOR A TEN FT THICK CIRCULAR MAT ON ROCK
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Figure 3.7-11 
CYLINDRICAL SHELL WITH A HOLE
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Figure 3.7-12 
RESULTANT STRESSES ALONG X AXIS

(Ref. 50)

(Ref. 51)
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Figure 3.7-13 
RESULTANT STRESSES ALONG Y AXIS

(Ref. 50)

(Ref. 51)
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Figure 3.7-14  (SHEET 1 OF 2)
SEISMIC ANALYSIS: REACTOR CONTAINMENT
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Figure 3.7-14  (SHEET 2 OF 2)
SEISMIC ANALYSIS: REACTOR CONTAINMENT
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Figure 3.7-15 
MATHEMATICAL MODEL OF REACTOR INTERNALS
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3.8 DESIGN OF SEISMIC CLASS I STRUCTURES

3.8.1 Structures Other Than Containments, Main Dam, and Service Water Reservoir

3.8.1.1 Design Basis and Physical Description

The design basis for Seismic Class I structures other than containments is shown in
Table 3.2-1. In addition to seismic loading, or tornado loading if applicable, structures are
designed to adequately support all dead, live, normal wind, hydrostatic, and lateral earth pressure
loadings.

To allow for unimpeded relative motions between Seismic Class I structures, and between
these and nonseismic structures, under any loading condition, a minimum 2-inch rattlespace is
provided where such structures abut each other. Rattlespaces are located to separate the following:

1. The fuel building and the:

a. Decontamination building.

b. Below-grade pipe tunnel along its south wall.

2. The containments and the:

a. Auxiliary building.

b. Fuel building.

c. Decontamination building.

d. Containment auxiliary structures around the periphery of the containment.

3. The auxiliary building and the:

a. Fuel building.

b. Containment auxiliary structures around the periphery of the containment.

c. Service building.

Below-grade rattlespaces are kept free of backfill or other material that might minimize
unimpeded relative motions by polystyrene foam board formwork, which is left in place after
concrete placement, and by polyvinyl chloride waterseals. The compressive strength of foam
board is not considered sufficient to impede relative motion.

Section 1.2.2 presents outline and arrangement figures of the above structures.

3.8.1.1.1 Auxiliary Containment Structures

Auxiliary containment structures are a group of irregularly shaped, heavily reinforced,
concrete structures extending both above and below grade, located radially around the north side
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of and adjacent to the reactor containment structure. These structures house and protect critical
equipment.

The auxiliary containment structures include the following:

The structures are supported on concrete mats or slabs at various elevations. Access to the
various floor levels is provided by steel ladders and grating walkways. Exterior walls and roofs of
all these structures except the quench spray pump housing are heavy concrete sections to resist
missiles. Walls of the quench spray pump housing are of concrete, and the roof has steel framing
covered by metal roof deck, insulation, and single-ply, mechanically attached membrane roofing.

3.8.1.1.2 Cable Vault and Cable Tunnel

The cable vault is a reinforced-concrete portion of the auxiliary building adjacent to the
outside of the containment structure around the major electric penetrations, above the pipe tunnel.
The cable tunnel extends from the cable vault through the auxiliary building to the electric control
area below the main control room in the service building.

The cable vault is enclosed by a reinforced-concrete superstructure, approximately 20 feet
wide by 60 feet long by 19 feet high, the roof of which serves as the floor for the purge air duct
and motor control center area. The cable tunnel is approximately 18 feet wide by 12 feet high.
Walls and roof are of heavy concrete sections.

3.8.1.1.3 Auxiliary Building

This structure has a reinforced-concrete foundation mat with monolithic finish.
Substructure walls are of reinforced concrete. The superstructure has a structural steel frame
supported by above-grade reinforced-concrete walls, with uninsulated metal siding. Rolling steel
and hollow metal doors are provided for access. Roofing is supported by steel framing covered
with insulated metal roof deck and a single-ply, mechanically attached membrane roofing system.

The ground floor level and the supported floor level below it have reinforced-concrete floor
framing and columns. The ground floor level slab is adequate to provide protection against the
assumed tornado missile and to support a fork lift truck. The second floor is a monolithic concrete
slab supported on steel framing.

Reinforced-concrete walls and slabs are provided for enclosing the volume control tanks,
component cooling surge tank, component cooling heat exchangers, and the personnel hatches of

Size (ft)

Safeguards area 74 x 21

Main steam valve housing 45 x 32

Quench spray pump housing 40 x 32

Purge air duct and motor control center area 60 x 20
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the containment structures for biological and missile shielding. Other areas requiring biological
shielding are enclosed with the necessary thickness of concrete. Heavy aggregate concrete is used
in some areas to conserve space. Other partitions are of hollow concrete block. Pass doors are
hollow metal type. A motor-operated rolling steel door provides access for handling of
equipment.

Precast concrete hatch covers are provided over the ion exchange cubicles and in other
locations in the ground floor for handling equipment.

The steel superstructure of the auxiliary building is designed to resist seismic loads. Parts of
the superstructure that enclose the volume control tanks and component cooling water equipment
are concrete enclosures designed to withstand both seismic and tornado loads, including
tornado-generated missiles. The charcoal filters and ventilation fans for the auxiliary building are
located on the 3-foot-thick ceiling of the volume control tank enclosure, which is adequate to
support this equipment during either an earthquake or tornado. Equipment installed on the
supported steel framing consists of ventilation fans for the nuclear auxiliary systems. The motor
for the largest fan supported on the steel superstructure would develop less energy than the
postulated tornado missile if the motor fell freely from a height equivalent to its height above
the 2-foot-thick floor slab at finish ground grade, which is designed to prevent penetration by the
tornado missile. Consequently, the equipment and piping below the missile shield provided by the
ground floor concrete slab would not be damaged by collapse of the superstructure or the
equipment supported by the superstructure. The decision to design the steel superstructure for
seismic loads was made to facilitate operation after an earthquake and is not based on safety
requirements.

3.8.1.1.4 Fuel Building

The fuel building contains the new fuel, spent fuel, and spent-fuel cask and related
equipment. The building is sized for two units. The structure is approximately 136 feet long by
41 feet wide. The top of the foundation mat is approximately 21 ft. 8 in. below grade. The main
roof area is approximately 48 feet above finish grade, and the roof of the trolley bay is
approximately 20 feet higher. The spent-fuel storage area has clear inside dimensions
approximately 29 ft. 3 in. wide by 72 ft. 6 in. long by 42 ft. 6 in. deep. Narrow canals connect to
Units 1 and 2. New fuel racks are mounted in the new-fuel area above the slab at Elevation 274 ft.
9 in. This area is accessible to the platform crane. The lowest level slab supports the fuel pit
coolers and cooling pumps. The fuel is stored vertically in stainless steel racks, which provide
separation to preclude criticality.

The spent-fuel pool contains a 3 ft. 6 in. reinforced-concrete wall, extending from the
foundation mat to the top of the pool. This wall separates the spent-fuel cask handling area from
the spent-fuel racks and is designed for a cask impact accident, as discussed in Appendix 9B.

The fuel building structure is supported by a concrete mat founded on rock. Walls of the
spent-fuel storage pit are 6-foot-thick reinforced concrete for biological shielding. Exterior and



Revision 43—09/27/07 NAPS UFSAR 3.8-4
 

interior walls enclosing the fuel pit coolers are of concrete for missile shielding. Exterior walls
above the concrete work are covered with insulated metal siding on structural steel framing. A
large T-shaped rolling steel door permits moving the trolley and spent-fuel cask through the door
opening. Another similar rolling steel door is provided for bringing new fuel into the structure.
Passage doors are of the hollow metal type.

The superstructure walls and the roof are supported on steel framing. The roof is covered
with insulated metal deck and a single-ply, mechanically attached membrane roofing system.
Intermediate platforms in the new-fuel area are concrete slabs on steel framing. Stairs have steel
framing with grating treads and grating platforms.

Movable gates between the spent-fuel pit and each canal permit dewatering the canals for
access to the fuel transfer mechanisms without dewatering the entire pit. The interior walls and
floor of both the pit and the fuel transfer canals are lined with 0.25-inch stainless steel plate.

Rails embedded in the concrete are provided for operation of the motor-driven platform
with hoists for transferring fuel.

3.8.1.1.5 Service Building (Partially Seismic Class I)

As is shown in Table 3.2-1, only certain portions of the service building are designed to
tornado and seismic criteria. These portions consist of the control room, switchgear and relay
rooms, battery rooms, air-conditioning equipment rooms, and emergency diesel-generator
cubicles.

The service building is a multistory structure on the south side of the turbine building. It is
approximately 70 feet wide by 660 feet long, to serve two units. Emergency switchgear,
instrumentation rooms, and air-conditioning equipment rooms are located in an approximately
272 feet by 70 feet area below ground grade under the control room, locker room, and shops area.
Warehouse, shops, control room, locker area, emergency generator rooms, and auxiliary boiler
room are located at ground level. Mechanical equipment and cable tray rooms are located on the
second floor. Non-safety-related switchgear for each unit is located on the third floor directly
above the cable tray rooms.

In general, foundations consist of a structural mat between the “4” and “12” lines, and strip
footings in adjacent areas. The control room area is supported on continuous wall-bearing
foundations. Where necessary, the walls span across the circulating water discharge tunnels.
Substructure walls are of reinforced concrete. The control room, emergency generator area,
instrumentation rooms, and emergency switchgear areas are enclosed by concrete walls and slabs
for tornado and missile protection and biological shielding. Screens or labyrinths to prevent
penetration of missiles are provided at air inlet and outlet openings of the emergency generator
areas. The air-conditioning equipment rooms below ground are also designed for missile
protection. The remainder of the structure has steel framing with monolithic concrete floor slabs,
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an insulated metal roof deck, and single-ply, mechanically attached, membrane roofing.
Granolithic floor finish is provided in the areas occupied by switchgear cabinets.

Exterior walls are covered with uninsulated metal siding. Rolling steel and hollow metal
doors are provided for access. Pass doors are, in general, of the hollow metal type.

In the warehouse is an office and a wire-grille-enclosed tool crib. A first aid room with toilet
is provided in the corner of the warehouse adjacent to the office building. A combined assembly
and lunch room is provided in the northwest corner of the warehouse. Storage shelves and racks
are supported independently from the building framing.

The shops area has two foremen’s offices, each with an observation window, an electrical
work area, an enclosed toilet room, and a blacksmith’s shop. A welding booth with asbestos
curtains is provided in the blacksmith’s shop. Foundations are provided for all equipment.

The control room, including the office, computer rooms, and toilet room, has vinyl tile floor
finish with a cove base and a suspended aluminum honeycomb luminous ceiling. Hollow metal
pass doors of the control cubicle are furnished with neoprene gaskets to reduce air leakage and
thus maintain positive pressure within the control area cubicle. Special steel plate doors are
furnished to provide biological shielding at personnel access openings in concrete walls. This
entire control area concrete cubicle from Elevation 254.0 to and including the concrete slab at
Elevation 291.5 over the control room, and the vertical extension of the interconnecting stairwell,
is designed to provide both biological protection required after a maximum credible incident, and
tornado protection.

The laboratory and locker area consists of hot and cold laboratories, storage and supplies,
laundry, locker room, count room, instrument repair shop, clean and contaminated showers and
washrooms, and offices for health physics, chemistry, and general purposes.

Cabinets, work tables, and hoods are furnished for the hot and cold laboratories. The count
room walls and ceiling are of poured concrete for radiation shielding. Sheet vinyl floors are
provided in the hot and cold laboratories, count room, and health physics area. The floor of the
laundry and shower room is lined with stainless steel sheet. Two stainless steel shower stalls are
provided. Ceramic floor tile and dados are furnished in the toilet and laundry area. Other areas
have monolithic floors and painted concrete block walls. Acoustic tile ceilings are provided.

A 20,000-lb capacity, 7 feet by 12 feet platform lift is provided for the warehouse. A 5-ton
monorail and 5-ton jib crane are furnished in the shops. Each emergency generator cubicle has
two 5-ton monorails.

3.8.1.1.6 Decontamination Building (Partially Seismic Class I)

As is shown in Table 3.2-1, only the below-grade enclosure for the liquid waste disposal
system and decontamination system equipment is designed to tornado and seismic criteria.
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The decontamination building is approximately 30 feet wide and 65 feet long, with its roof
20 feet above ground level. There is a basement in the north end of the building, and the elevation
of the floor slab is approximately 20 feet below ground grade. The north end of the building
extends upwards to the elevation of the fuel building roof.

Three manually operated hatches are installed in the roof to allow lowering of the spent-fuel
casks by the trolley running over the roof.

The building is supported by a reinforced-concrete mat. The substructure walls and floors
are reinforced-concrete construction. The walls aboveground are a steel frame covered with
insulated metal siding. The roof is a metal deck with insulation and a single-ply, mechanically
attached, membrane roofing system.

The floor in the three areas where a cask may be placed is covered with a 0.25-inch stainless
steel plate liner, and is sloped toward a sump. This liner extends 4 feet up the surrounding walls.
The remaining interior surfaces are covered with a decontaminable epoxy paint.

A work platform to provide access to the upper portion of the spent fuel cask is located at
Elevation 281 ft. 6 in. This platform is steel framed with stainless steel checkered plate. An
exterior stair from the Elevation 271 ft. to Elevation 291 ft. allows access to the upper
decontamination bay without using the work platform ladder.

3.8.1.1.7 Service Water Pump House

A service water pump house (SWPH) is provided to house service water system equipment
for Units 1 and 2. The building is of 2-foot-thick reinforced concrete, 64 feet long, 62 feet wide,
and 45 feet high, located at the edge of the service water reservoir. Equipment installed in this
structure includes: vertical electric-motor-driven service water pumps; traveling water screens;
screen wash pumps; service water motor-operated strainers; pump discharge headering, valving,
and instrumentation; radiation monitoring equipment (abandoned); water screen differential level
control equipment; diesel-driven fire pump; service water air compressors with receiver tank; and
sumps discharging to the Service Water Reservoir. Screen wells are provided with stop logs on the
intake. A monorail system is provided for lifting the traveling screens’ basket. Pump missile
barriers are provided between the service water pumps.

The wing walls were structurally designed to withstand static plus seismic forces due to the
design-basis earthquake, and have an adequate factor of safety against sliding and overturning.
Therefore, it is concluded that a complete wing wall failure is not possible.

The reinforced-concrete wing walls were designed as cantilevered retaining walls to stand
independently of the service water pump house. The design assumed there would be no transfer of
stress along the horizontal surface where the wing wall concrete was placed directly on the lip of
the SWPH mat, nor along the vertical surface where wing wall concrete was placed in contact
with the wall of the service water pump house. These surfaces are unreinforced, unkeyed, cold
joints.
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Differential settlement of the wing wall and service water pump house has resulted in
transfer of stress, however, as indicated by the cracks reported in Vepco letter dated July 11, 1975,
Serial No. 594. The settlement is discussed in Section 3.8.4.

The east wing wall is shown in Figure 3.8-1. Detail A shows the extent of the cracking
detected on June 23, 1975, where the wall bears on the 12-inch-wide lip of the service water pump
house footing. This cracking was apparently the result of differential settlement between the wing
wall and pump house footing. To prevent future propagation of these cracks, the wing wall and
pump house have been decoupled vertically by chipping away the wing wall concrete to create a
4-inch separation between them. A compressible material has been installed in this separation to
ensure that it does not plug with debris and to prevent possible erosion of backfill materials.
Horizontal decoupling of the wing wall already exists, as evidenced by the separation shown in
Detail A of Figure 3.8-1, which was apparently the result of tilting of the service water pump
house.

Two elevations of the west wing wall are shown in Figure 3.8-1. Elevation #1 shows the
wing wall configuration and cracking across its south face as of the inspection on June 23, 1975.
This cracking was apparently the result of differential settlement and tilting of the pump house.
Subsequently, at the request of the NRC staff, the backfill behind the wall was excavated down to
the top of the wing wall footing. An inspection by Stone & Webster, NRC, and Vepco personnel
on October 10, 1975, indicated that there were no cracks in the north face of the wing wall, nor
were there any cracks in the top surface of the wing wall footing adjacent to the north and south
faces of the wing wall.

Elevation #2 shows the west wing wall configuration after repair. The wing wall and pump
house have been decoupled vertically and horizontally by chipping away the wing wall concrete,
which was bearing on the 36-inch-wide lip of the SWPH footing, and placing a new wall section
that is tied with drilled and grouted reinforcing to the pump house footing and wall. To further
prevent propagation of existing cracks or the formation of new ones, due to differential settlement
and/or binding, a 2-inch separation has been created between the wing wall and the new wall
section of the service water pump house. This separation is also filled with a compressible
material to ensure that it does not plug with debris, and to prevent possible erosion of backfill
materials.

The initial intention was to chip out and replace the entire portion of the west wing wall
above the crack shown in Elevation #1, since, prior to the inspection of October 10, 1975, the
crack was assumed to extend completely through the wall to its north face. Inspection proved that
this was not the case; the crack was found to be generally hairline in width on the south face only,
and no greater than 1/32 inch at its widest point. Therefore, it was decided to investigate the
magnitude of the horizontal shear stresses that must be safely transmitted from the upper portion
of the wall, across the crack to the lower portion, and to the footing. Acceptable stress levels
would indicate that repair of the crack was unnecessary.
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It was also decided to start the repair of the west wing wall, in advance of this investigation,
on the assumption that the entire wing wall above the crack would have to be removed. The
earliest possible start on this work, if it was to be required, would minimize possible delays to the
filling of the service water reservoir.

On October 21, 1975, it was concluded that removal of reinforced concrete of the west wing
wall, above the crack, need only be accomplished for the 3-foot section of wing wall immediately
adjacent to the southwest corner of the service water pump house, shown as new wall pour “A” in
Elevation #2. Section A-A shows the details of that repair. At that time the reinforced concrete
shown as new wall pour “B” in Elevation #2 had already been cut out for removal. Section B-B
shows the details of how the full design capability of the wing wall was restored at that location.
The remaining portion of the wing wall above the crack was left as is. The surface of the wall was
patched along the crack with an epoxy gel for cosmetic purposes only.

Investigation of the magnitude of horizontal shear stress at the base of the wing wall under
seismic conditions shows that these stresses are acceptable. The following load equations were
used in the analysis:

OBE: 1.4D + 1.7L + 1.9E

DBE: D + L + E'

where:

D = dead load, including hydrostatic load

L = live load, including soil pressure

E' = design-basis earthquake soil and wall inertia loads

E = operational-basis earthquake

The maximum average shear stresses at the base of the wall have been calculated to be
26.1 psi for the DBE case, and 39.2 psi for the OBE case. These values are within the allowables
of 60 psi and 40 psi, respectively.

The maximum average shear stress values were calculated based on a section of the wall
that includes the full height. The west wing wall has a maximum height of 11 ft. 6 in. and a total
length of 16 ft. 7 in. The full height of the wall exists for only a 4-inch portion, and then begins to
slope down at a rate of 3.8 in/ft. This 4-inch portion of the wall will not act independently of the
balance of the length, necessitating inclusion of a portion of the remaining length for calculation
of the average shear stress. This condition was included in the calculation. Based on this analysis,
further repair of the wing wall is unwarranted.



Revision 43—09/27/07 NAPS UFSAR 3.8-9
 

3.8.1.1.8 Boron Recovery Tank Dikes

The boron recovery tank building is a single-story structure located in the south yard
adjacent to the waste disposal building. The structure is approximately 110 feet long, 38 feet
wide, and 43 feet high.

The dikes are supported by reinforced-concrete footings. Concrete walls rise to a height of
15 feet above grade and divide the building into three cubicles, each of which houses one boron
recovery tank. An additional 12 feet of concrete wall above the dike wall extends around the
building perimeter for radiation shielding. The remaining upper wall structure is noninsulated
metal siding.

An elevated platform approximately 32 feet above the building floor permits access to each
cubicle. Entrance into the building and platform is through the waste disposal building by an
elevated platform at approximately 16 feet above building floor. The boron recovery tank dikes
are designed to Seismic Class I criteria and their 2-foot thickness also provides tornado missile
protection. The dikes serve to contain the entire volume of the tanks in the event of tank failure. A
tank failure would result in no radiological consequences on the waters of the North Anna
Reservoir, the Waste Heat Treatment Facility, or the potable water supply for the site.

3.8.1.1.9 Circulating Water Intake Structure (Partially Seismic Class I)

As shown in Table 3.2-1, only the auxiliary service water pump cubicles are designed to
tornado and seismic criteria.

The circulating water intake structure is a reinforced-concrete building approximately
64 feet wide by 187 feet long by 47 feet high. It is supported on a 3-foot-thick mat. Exterior walls
vary in thickness from 2 feet to 5 ft. 5 in.

Eight trash racks, with cleaning device, and steel plate stop logs for dewatering are
provided. Eight traveling water screens are installed with screen wash equipment consisting of
pumps, piping, and automatic control equipment. Eight electric-motor-driven circulating water
pumps discharge through individual 90-inch steel pipes to the concrete tunnel leading to the
station. A rubber expansion joint and motor-operated butterfly valve are installed at the discharge
of each pump.

Two auxiliary service water pumps, one motor-driven fire pump, and two circulating water
screenwash pumps that are used to make up to the Service Water Reservoir are also installed at the
intake structure.

3.8.1.1.10 Fuel-Oil Pump House

The fuel-oil pump house is constructed of reinforced concrete with walls and roof 2 feet
thick to resist tornado missiles. The building is constructed at ground grade. An exhaust fan is
provided to remove fumes. A sump pump discharges to a holding tank equipped with level alarms.
A CO2 fire protection system, described in Section 9.5.1.2.2, is installed.
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3.8.1.1.11 Turbine Building Superstructure (Partially Tornado-Resistant)

As shown in Table 3.2-1, the full extent of the turbine building structure is not designed for
seismic or tornado loads. However, the turbine building columns between the 6 to 10 lines,
inclusive, and their supporting bracing system, including the structural steel framing of the service
building on column lines 6, 7, 8, 9, and 10 (the area adjacent to the main control room), is
designed for tornado loads to prevent its collapse on the main control room. Structural
requirements to satisfy tornado loads are greater than for seismic loads; consequently, the framing
in this area will withstand the earthquake loadings postulated for this project.

3.8.1.1.12 Casing Cooling Pump House

The casing cooling pump house is a Seismic Class I reinforced-concrete structure,
constructed on a common 28 feet by 56 feet mat foundation with the 26-foot-diameter casing
cooling tank. The mat is founded directly on bedrock.

The pump house provides a weather-protected enclosure for the casing cooling systems,
motors, and other equipment. Its walls are 12-inch-thick reinforced concrete. The roof consists of
a 6-inch-thick concrete slab on metal decking that is supported by a structural steel frame. The
pump house is not tornado-resistant.

3.8.1.1.13 Service Water Valve House

A service water valve house (SWVH) is provided to house service water system valves and
related equipment for Units 1 and 2. The building superstructure consists of 2 feet thick
reinforced concrete. The building is 58 ft. 6 in. long, 45 feet wide and 52 feet high and is located
at the northwest edge of the service water reservoir.

The SWVH was constructed in two phases. Phase one, which consisted of construction up
to Elevation 326 ft. 0 in., was performed when the structure was intended to serve as a Unit 3
and 4 pump house. Construction materials used in phase one conform to the description in
Section 3.8.1.5 for original plant construction. Phase two, consisting of completion of all civil,
structural, mechanical, and electrical work, converted the structure into a Unit 1 and 2 valve
house. Construction materials used in phase two conform to the description in Section 3.8.1.7
under Service Water Reservoir Improvements.

A reinforced concrete expansion joint access pit is located along the north side of the
SWVH. This pit serves to enclose, protect, and provide access to the four rubber expansion joints
in the service water return headers entering the valve house.

Equipment installed in the SWVH includes: piping, valves, and expansion joints for the
service water spray and bypass system, electrical motor control centers, distribution panels, etc.,
radiation monitoring equipment, heating and ventilation equipment, and sump pumps with
associated discharge piping to the service water reservoir.
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3.8.1.1.14 Service Water Tie-In Vault

A reinforced concrete vault, approximately 31 feet x 30 feet x 27 feet high, is provided at
the tie-in to the original buried service water lines to protect the four service water headers, four
new service water line expansion joints, and access hatches from the adverse effects of tornado
generated missiles and effects due to earthquake induced ground motion.

The tie-in piping, buried piping, expansion joints, and access hatches are designed to
nuclear safety-related, ANSI B31.7, Class 3 piping requirements. Seismic pipe supports are
provided for piping inside the tie-in vault to maintain the integrity of the service water system.

Because of the high thrust loads (greater than 100,000 lb) delivered to the tie-in vault,
thermal and postulated seismic movement of buried service water pipe, and the allowance for
movement due to unanticipated settlements, two rubber expansion joint with tie rods are installed
in each of the service water return headers.

The tie-in vault houses the four rubber expansion joints, pipe access hatches, v-cone flow
measurement devices, and the associated cathodic protection equipment. Platforms for gaining
access to the pipe access hatches are provided. A 36-inch diameter, 3-inch thick steel manhole is
located in the vault roof for personnel access into the tie-in vault. A 9 ft. by 20 ft. (approx.)
four-piece removable equipment hatch is provided for construction and permanent access for
equipment installation and removal.

A floor sump is located on the south side of the pit. A sump pump and discharge line are
installed to allow drainage of the tie-in vault. The drain piping is 2-inch diameter, stainless steel
and is embedded in the tie-in vault wall and discharges to grade outside the vault.

Forty-two inch diameter sleeves allow for unanticipated settlement of the tie-in vault
without impacting the piping. The pipe sleeves are sealed and the sleeve seals allow differential
movement between the piping and walls and maintain a sufficient seal to minimize soil and water
inleakage into the pit.

3.8.1.2 Codes and Specifications

The original design and construction of the seismic Class I structures described in
Section 3.8.1.1 conformed to the codes and specifications listed below. Subsequent modifications
or reanalysis of these structures may have been performed using later industry codes and
standards in accordance with administrative procedures and the design control program.

ACI 301-66 Structural Concrete for Buildings, and all specifications of the American
Society for Testing and Materials referred to in Section 105 and declared to
be a part of ACI 301-66 as if fully set forth therein

ACI 614-59 Recommended Practice for Measuring, Mixing, and Placing Concrete

ACI 605-59 Recommended Practice for Hot Weather Concreting
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ACI 306-66 Recommended Practice for Cold Weather Concreting

ACI 318-63 Building Code Requirements for Reinforced Concrete

ACI 347-63 Recommended Practice for Concrete Formwork

AISC Specification for the Design, Fabrication, and Erection of Structural Steel
for Building, 1963 issue

BOCA Basic Building Code of the Building Officials Conference of America, 1966
issue

Section III, Class B, of the ASME Boiler and Pressure Vessel Code for Nuclear Vessels was
used as a guide in the selection of materials, design stresses, and fabrication of the steel
containment liner.

ACI 301-66, Specifications for Structural Concrete for Buildings, together with
ACI 347-63, Recommended Practice for Concrete Formwork, and ACI 318-63, Building Code
Requirements for Reinforced Concrete, formed the basis for the project concrete specifications.

ACI 301-66 was supplemented as necessary with mandatory requirements relating to types
and strengths of concrete, including minimum concrete densities, proportioning of ingredients,
reinforcing steel requirements, joint treatments, and testing agency requirements.

The proposed ACI-ASME (ACI-359) Code for concrete containments was not used.
Admixtures, types of cement, bonding of joints, embedded items, concrete curing, additional test
specimens, additional testing services, cement and reinforcing steel mill test report requirements,
and additional concrete test requirements were specified in detail.

Concrete protection for reinforcement, preparation and cleaning of construction joints,
concrete mixing, delivering, placing, and curing, were equal to or exceeded the requirements of
ACI 301, with the following exceptions:

Section 1404(a) - Maximum slump was 4.5 inch to permit placing concrete in the heavily
reinforced containment structures. The samples for the slump tests were taken at the end of the
last conveyor, chute, or pipeline before the concrete was placed in the forms.

Section 1404(b) - Maximum placing temperature of the concrete when deposited
conformed to the requirements of ACI 605-59, Recommended Practice for Hot Weather
Concreting.

Section 1404(c) - Minimum placing temperature of the concrete when deposited conformed
to the requirements of ACI 306-66, Recommended Practice for Cold Weather Concreting.
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3.8.1.2.1 Codes and Specifications - Service Water Reservoir Improvements

The original design and construction of the service water valve house and service water
tie-in vault conformed to the codes, specifications, and other documents listed below. Subsequent
modifications or reanalysis may have been performed using later industry codes and standards in
accordance with administrative procedures and the design control program.

AASHTO T-26-79 Quality of Water to be used in Concrete

ACI 301-84 Structural Concrete for Buildings

ACI 318-83 Building Code Requirements for Reinforced Concrete

ACI 318-71 Building Code Requirements for Reinforced Concrete

ACI 349-80 Code Requirements for Nuclear Safety Related Concrete Structures

ANSI N45.2.5 Supplementary Quality Assurance Requirements for Installation
(1974) Inspection, and Testing of Structural Concrete and Structural Steel

during the Construction Phase of Nuclear Power Plants (including all
referenced documents)

AISC Specification for the Design, Fabrication and Erection of Structural
Steel for Buildings, 8th Edition

NRMCA-1984 Quality Control Manual - Section 3 Certification of Ready Mix
Concrete Production Facilities

Reg. Guide Quality Assurance Requirements for Installation, Inspection, and
1.94 (1976) Testing of Structural Concrete and Structural Steel during the

Construction Phase of Nuclear Power Plants

Reg. Guide Safety Related Concrete Structures for Nuclear Power Plant (other
1.142 (1981) than Reactor Vessel and Containments)

ANSI N45.2.5-1974, together with ACI 349-80 and ACI 301-84 formed the basis for the
project  concrete  specificat ions.  The latest  edi t ion of  documents  referenced by
ANSI N45.2.5-1974, ACI 349-80 and ACI 301-84 were used.

3.8.1.3 Structural Loading Combinations

Seismic and tornado or normal wind loads are not considered to act on a structure
simultaneously. Seismic loads were considered to act in combination with dead, live, hydrostatic,
and lateral earth pressure loads. Tornado loads were considered to act in combination with dead,
live, hydrostatic, and lateral earth pressure loads.
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3.8.1.3.1 Definitions

D - Dead load of structure, equipment, piping, and snow or ice load, including the effect of
hydrostatic and lateral earth pressures

L - Live load

E - Operational-basis earthquake (OBE) load

HE - Design-basis earthquake (DBE) load

C' - Load due to horizontal wind velocity resulting from the design wind

C - Load due to negative pressure, horizontal wind velocity, and airborne missile resulting
from the design tornado

S - Required section strength for structural steel based on the elastic design methods and
allowable stresses defined in Part 1 of the AISC Standard, Specification for the Design,
Fabrication and Erection of Structural Steel for Buildings, April 17, 1963

Fy - Minimum yield stress for structural steel

W - Working stress design section strength for reinforced concrete based on the elastic
design methods and allowable stress defined in Part IV A of the ACI Standard, Building
Code Requirements for Reinforced Concrete, ACI 318-63

U - Ultimate strength design section strength for reinforced concrete based on ultimate
design methods defined in Part IV B of the ACI Standard, Building Code Requirements
for Reinforced Concrete, ACI 318-63

ø - Capacity reduction factor defined in Section 1504(b) of ACI 318-63

3.8.1.3.2 Load Equations

Seismic Class I reinforced-concrete and structural steel structures are proportioned to
satisfy each of the following:

W or S = D + L + E

øU or 0.90 Fy = D + L + HE

1.33 W or 1.33 S = D + L + C'

øU or 0.90 Fy = D + L + C

3.8.1.3.3 Service Water Valve House

The partially completed Units 3 and 4 reinforced concrete service water pump house was
completed with modifications to utilize the structure as a valve house. The original and modified,
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completed design was based on the requirements of ACI-318, using the following load
combinations:

U = 1.4 D + 1.7 L

U = 0.75 (1.4 D + 1.7 L + 1.7 W)

U = 1.4 D + 1.7 L + 1.9 OBE

U = 0.9 D + 1.9 OBE

U = 1.0 D + 1.0 L + 1.0 DBE

U = 0.9 D + 1.0 DBE

U = 1.0 D + 1.0 L + 1.0 C

U = 1.0 D + 1.0 C

U = 1.0 D + 1.0 F

where:

U = Section strength required to resist the design loads based on the strength design method

D = Dead load of structure, equipment, piping and snow or ice load, including the 
hydrostatic and lateral earth pressures

L = Live load

OBE = Operating basis earthquake load

W = Load due to horizontal wind velocity resulting from the design wind

DBE = Design basis earthquake loads

F = Maximum possible flood loads

C = Load due to negative pressure, horizontal wind velocity, and airborne missile resulting 
from the design tornado

3.8.1.3.4 Spray Array Support Structures

Service water reservoir spray array support structures were designed in accordance with the
load combinations and stress limits set forth in Section 3.8.4 of the Standard Review Plan,
NUREG-0800, July 1981.

3.8.1.3.5 Service Water Tie-In Vault

The service water tie-in vault was designed in accordance with the load combinations and
stress limits set forth in Section 3.8.4 of the Standard Review Plan, NUREG-0800, July 1981.
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3.8.1.4 Analytical Techniques

Seismic loads, in combinations described in Section 3.8.1.3, are treated as static loads, in
the form of acceleration profiles in the direction of a set of orthogonal axes of Seismic Class I
structures, for both the operational-basis earthquake and the design-basis earthquake.
Acceleration profiles are generated by dynamic analysis of mathematical models using
appropriate response spectra and damping values.

Tornado loads, in combinations described in Section 3.8.1.3, are treated as static loads
whose magnitude is equal to the dynamic wind pressure, times appropriate shape factors and drag
coefficients.

The Seismic Class I  structures discussed in Section 3.8.1 are primarily of
reinforced-concrete construction. The principal components that transmit horizontal and vertical
loads to the foundation are the reinforced-concrete roof and floor slabs, and both interior and
exterior reinforced-concrete walls. Since these components act as diaphragms, tending to
minimize stress concentrations that might otherwise occur (in a column, for example), and their
thicknesses are usually controlled by requirements for biological shielding or tornado and interior
missile protection, stresses and strains are generally not significant. For these reasons, calculated
stresses and strains for selected principal structural components have been omitted in this report.

Seismic loads have a basic allowable stress for structural steel and reinforced concrete,
given by the normal working stress, for the operational-basis earthquake. A check was then made
for the design-basis earthquake to ensure that the maximum stress did not exceed 90% of the
minimum yield strength for structural steel, the capacity reduction factor times either the
compressive strength for concrete, or the minimum yield strength for reinforcing steel. Under
either the operational-basis earthquake or design-basis earthquake, no increase in allowable soil or
rock bearing values was permitted.

Tornado loads have a basic allowable stress of 90% of the minimum yield for structural
steel, the capacity reduction factor times either the compressive strength for concrete, or the
minimum yield for reinforcing steel. Allowable soil and rock bearing values were increased by
one-third.

Initial structural designs were based on specified 28-day compressive strengths for concrete
of 3000 psi, or as otherwise noted on the engineers’ drawings (e.g., concrete used as backfill had a
specified 28-day compressive strength of 1000 psi, and concrete used for the spent-fuel pool cask
drop wall and counterfort had a specified 28-day compressive strength of 4000 psi). In those
instances where initial design loads were revised or new loading conditions were postulated, it
was necessary to reevaluate the existing design. If that evaluation required 28-day compressive
strength for concrete greater than originally specified (e.g., for shear, bearing, or compression
considerations), and if the concrete for that structure had been previously placed, the cylinder tests
were researched to determine the actual 28-day compressive strength of that mix as placed at that
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time, in accordance with the methods of ACI-318-71, Section 4.3.3. This procedure was required
in the following structures or portions of structures for the reasons indicated.

3.8.1.4.1 Spent-Fuel Pool

The spent-fuel pool structure was redesigned as a result of a deficiency in the original
design. This activity was reported to the USNRC, Region II Office of Inspection and
Enforcement, on July 19, 1976, and the final report on the structural analysis of this structure is
submitted as Appendix 9A.

The reanalysis, which confirmed that the original design was deficient, used a 28-day
compressive strength of 4500 psi for the walls. This was based on a review of 25 cylinder tests for
the mix used, for which the average 28-day compressive strength was 4763 psi. Only 10 of these
test cylinders broke at values less than 4500 psi, and only four of these broke at values less than
4000 psi. This reanalysis used a 28-day compressive strength of 5000 psi for the foundation mat.
This was based on a review of seven cylinder tests for the mix used, for which the average 28-day
compressive strength was 5063 psi. Only three of these cylinders broke at values less than
5000 psi, and only one of those broke below 4950 psi.

The reanalysis that evaluated the spent-fuel pool, with the added counterfort feature
stiffening the north wall, used these same values of 28-day compressive strength, i.e., 4500 psi for
the walls and 5000 psi for the mat, as a matter of analytical convenience. The structural design is
not dependent on these 28-day values, however, since the primary overstress in the original design
was due to flexural tension in reinforcing bars.

3.8.1.4.2 Evaluation of Possible Damage to Embedded Reinforcing Steel During Installation of
Drilled-In Anchors

Various plant structures were evaluated for the structural significance of possible
reinforcing steel damage that could have occurred when the holes for drilled-in anchors for pipe
supports were drilled using diamond-tipped drill bits. This problem was reported to the USNRC,
Region II Office of Inspection and Enforcement, on October 12, 1976, and the evaluation report
submitted on October 16, 1978. This report demonstrated that the damage to rebar would not
prevent the structures from performing their intended functions.

During this evaluation, there was one instance when the reactor containment cranewall
column analysis required the use of actual 28-day compressive strengths for concrete. The loading
combinations for this analysis are contained in Section 3.8.2.2.
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There are two columns involved, designated as 7-8 and 18-1. Each column was poured in
two lifts, and the test cylinder 28-day compressive strengths were as follows:

The columns were slightly over the allowable stress, using a 28-day compressive strength of
3650 psi, but were well within the allowable using a strength of 4000 psi. To provide added
assurance that the in-place strengths were satisfactory, core samples were taken and tested in
accordance with ASTM C42 in February 1977, with results as follows:

Results of core samples for concrete compressive strength were used only to supply
additional assurance that the concrete would satisfy the required revised structural design criteria
for these columns.

3.8.1.4.3 Circulating Water Tunnels

The circulating water tunnels were reanalyzed to evaluate the structural consequences of
hydraulic transient pressure and vacuum loadings that resulted from various postulated events
other than steady-state flow.

In the safety-related portion of the discharge tunnel, the Unit 1 and Unit 2 tunnels are
separated by an 18-inch-thick, reinforced-concrete wall. When postulating the peak pressure
transient to occur in one tunnel simultaneously with the peak vacuum transient in the other, the
moment and shear resistance of the wall required a 28-day compressive strength of 4000 psi in
order to satisfy the following equation:

Service Load (3.8-1)

U= 1.4 (D + W) + 1.9E'

where:

U = required section strength, which includes the capacity reduction factors defined in 
Chapter 9 of ACI 318-71

D = dead load

Column Lift #1 Lift #2 Average, 28 days

7-8 3696 4168 3932 psi

 18-1 4026 4168 4097 psi

Column Lift #1 Lift #2 Average, 2/77

7-8 5307 6139 5723 psi

 18-1 6400 5515 5958 psi
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W = vacuum or pressure load due to hydraulic transients

E' = operational-basis earthquake loads

The use of a 28-day compressive strength of 4000 psi is based on tests of concrete core
samples taken and tested in accordance with the requirements of ACI 318-71, Section 4.3.5.

The concrete that comprises the common wall of the safety-related portion of the discharge
tunnel was placed in two pours. The first was from a point 6 ft. 0 in. east of 4-line westward to a
point 8 ft. 6 in. west of 5-line (Pour No. 292), and the second continued westward to a point 17 ft.
9 in. west of 0-line (Pour No. 264). Concrete was placed in one lift from the top of the tunnel floor
at Elevation 236 ft. 6 in. to the underside of the roof slab at Elevation 246 ft. 6 in. Three concrete
core samples were taken from each pour, and the results are given below:

In accordance with the provisions of ACI 318-71, Section 4.3.5.1, the use of a compressive
strength of 4000 psi is justified.

3.8.1.4.4 Evaluation of Effects of High-Energy Pipe Break

The qualification of portions of buildings to withstand the effects of postulated
high-energy-line pipe breaks often required that the compressive strength of concrete be higher
than initially specified. A postulated pipe break requires analysis of the effects of jet impingement
loads, pipe whip impact loads against a restraint or structural target, and pressurization loads
acting in the volume within the structural boundary enclosing the broken pipe.

The load combinations used to evaluate pipe rupture effects inside the reactor containment
are contained in Section 3.8.2.2. All effects of pipe break loads are included in the term “R” (i.e.,
jet impingement, pipe whip, or restraint reactions), except pressurization loads, which are denoted
by the term “P.” Pipe break effects were treated either as equivalent static loads with an
appropriate dynamic load factor to account for the dynamic nature of the load, or as dynamic
loads with a dynamic model of the structure and a time-history analysis.

The load combinations used to evaluate pipe rupture effects outside the reactor containment
are contained in Section 3C.2.5.4.

The following are examples of structures for which compressive strengths of concrete were
required that were higher than initially specified.

The primary shield wall was checked and shown acceptable using a compressive strength of
concrete of 3760 psi at the base to satisfy design requirements for the effects of a reactor pressure

Test Values

Pour No. 1 2 3 Test Avg.

292 6348 6139 6243 6243

264 6243 6087 6139 6156
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vessel cold-leg break, as discussed in Appendix 5A. Bending moment resistance is needed in the
wall near the wall/mat intersection to resist the combined effects of a cold-leg rupture plus the
design-basis earthquake. Concrete test cylinders show that the 28-day compressive strengths equal
or exceed this value, and thus the design is acceptable (see Table 3.8-1).

The analyses of the pressurizer cubicle floor slab at Elevation 262 ft. 10 in., and cranewall
and radial walls up to Elevation 291 ft. 10 in., have assumed a compressive strength of concrete of
4000 psi to satisfy design requirements for the effects of a pressurizer surge line pipe break.
Concrete cylinder test results show 28-day compressive strengths that justify this assumption (see
Tables 3.8-2 and 3.8-3).

The analysis of the steam generator cubicle floor slab at Elevation 242 ft. 6 in., and radial
walls up to Elevation 291 ft. 10 in., assumed a compressive strength of concrete of 4000 psi to
satisfy design requirements for the effects of the primary coolant loop pipe breaks occurring
inside the cubicle. Concrete cylinder test results show 28-day compressive strengths that justify
this assumption (see Tables 3.8-3 and 3.8-4).

The analysis of the cranewall between Elevation 291 ft. 10 in. and Elevation 342 ft. 4 in.,
which supports the main steam and feedwater pipe break restraints, has assumed a compressive
strength of concrete of 5200 psi to satisfy design requirements. Concrete cylinder test results
show 28-day compressive strengths that justify this assumption (see Table 3.8-5).

3.8.1.4.5 Spent-Fuel Rack Embedments

The structural capability of the embedments that support the spent-fuel racks was
reevaluated for comparison with loads imposed on them from newly designed, high-density
storage racks. The existing embedment designs were checked using a compressive strength of
concrete of 4815 psi. Concrete cylinder test results show 28-day strengths that justify this value
(see Table 3.8-6).

The neutron absorber spent fuel storage racks which replace the high-density storage racks
do not utilize all of the existing embedments. The pool structure was analyzed to ensure that the
neutron absorber spent fuel storage racks can be accommodated by the structure during a seismic
event.

3.8.1.4.6 Fuel Pit Walls in Fuel Building

The difference in temperature between the water in the spent-fuel pit and the lower ambient
temperature develops bending forces in the walls. These forces cause compression in the concrete
at the inside face, and tension at the outside face, because of the restraint provided by the plate
liner. The pool is lined with 0.25-inch-thick stainless steel plate, butt-welded and protected with
leak test channels, to prevent leakage.
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The forces due to the thermal gradient are evaluated on the basis of a cracked section for
flexural rigidity and reduced value of modulus of elasticity of the concrete. The Portland Cement
Association publication, Circular Tanks Without Prestressing, was used as a design guide.

The 6-foot thickness of the walls of the spent-fuel pit is dictated by biological shielding
requirements. This large thickness limits deflection. The design is in accordance with
paragraph 1508 of ACI-318 63, Control of Cracking. Since temperature is a factor in the design of
the fuel pit, reinforcement is provided and distributed so that strains are controlled. In addition,
the reinforced-concrete structure of the fuel building is designed as a Seismic Class I structure.

3.8.1.4.7 Masonry Walls; IE Bulletin 80-11

At the completion of the response to IE Bulletin 80-11, all identified masonry block walls
were evaluated and modified, as required, to meet the acceptance criteria. The results of this
reevaluation program were transmitted to the Nuclear Regulatory Commission. In compliance
with IE Bulletin 80-11 (Reference 1), both seismic and non-seismic masonry walls were
re-evaluated to determine whether they could fail under seismic or other extreme loading, and to
determine the effects on safety-related systems of possible failures. Fifty-five safety-related
masonry walls were determined to be acceptable by the re-evaluation either as is or after
modifications were completed. An additional 15 safety-related masonry walls in the fuel building
were not acceptable under extreme loading conditions and were replaced with blow-off siding.
Over three hundred walls in non-seismic areas of the plant were also reviewed to ensure that they
did not endanger safety-related equipment. Conduits on some walls were relocated so that failure
of the walls would not endanger them. Following the approval of responses to IE Bulletin 80-11
by the Nuclear Regulatory Commission, all subsequent modifications involving masonry block
walls are evaluated under the Nuclear Design Control Program, which continues to invoke the
technical requirements of IE Bulletin 80-11 (References 49 & 50).

3.8.1.5 Construction Materials

3.8.1.5.1 Concrete

See Section 3.8.2.9.4 for the description of the concrete used for the Reactor Pressure
Vessel Head Replacement Project.

3.8.1.5.1.1 Cement. All cement used was an approved American brand conforming to the
Specification for Portland Cement, ASTM Designation C150, Type II, low alkali. It is suitable for
Seismic Class I structures because of its lower heat of hydration and improved resistance to
sulphate attack. The low alkali was specified to minimize the possibility of reaction with
aggregates. Certified copies of mill tests, showing that the cement met or exceeded the ASTM
requirements for Portland Cement, were furnished by the manufacturer. An independent testing
laboratory performed tests on the cement for compliance with the specifications.

In the fall of 1975, the transition between using approved concrete mixes and specifications
that were developed for Units 1 and 2, and using approved mixes and specifications that were
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developed for Units 3 and 4, was completed. Concrete placed in Unit 1 and 2 structures from that
time forward conformed to the descriptions given in Section 15.3.1 of the North Anna Units 3
and 4 PSAR.

3.8.1.5.1.2 Admixtures. An air-entraining agent was used in the concrete in an amount sufficient
to entrain from 3 to 5% of air, by volume, of normal-weight concrete. This agent conformed to the
requirements of Standard Specification for Air-Entraining Admixtures for Concrete, ASTM C260,
when tested in accordance with Standard Method of Testing Air-Entraining Admixtures for
Concrete, ASTM C233. The air-entraining agent was added separately to the batch in solution in a
portion of the mixing water or with nonabsorbent or water-saturated aggregates. The solution was
batched by means of a mechanical dispenser capable of accurate measurement, and in a manner
ensuring uniform distribution of the agent throughout the batch during the specified mixing
period. A fixed procedure was adopted for the control of the dispensing operation. No admixtures
were used in heavy-weight, ilmenite concrete.

3.8.1.5.1.3 Water. Mixing water was furnished from the North Anna River, and was kept clean
and free from injurious amounts of oils, acids, alkalies, salts, organic materials, or other
substances deleterious to concrete or steel. The quality of the water was the equivalent of that
suitable for drinking. The water was checked and tested for compliance with the above
requirements by an independent testing laboratory.

3.8.1.5.1.4 Aggregates. Fine and coarse aggregates conformed to the requirements of the
Standard Specifications for Concrete Aggregates, ASTM C33. Aggregates were evaluated for
potential chemical alkali reactivity. Aggregates were free from any materials that would be
deleteriously reactive in any amount sufficient to cause excessive expansion of mortar or concrete.
All aggregates were tested for compliance with the above requirements by an independent testing
laboratory.

3.8.1.5.1.5 Proportioning. Proportioning of structural concrete conformed to ACI 301,
Chapter 3. Working stress type concrete and ultimate strength type concrete conformed to the
requirements of ACI 301, Paragraph 302. Ultimate strength type concrete was used in the
construction of the foundation mat, exterior wall, and dome of the reactor containment, and in
general site construction. Working stress type concrete was used in the dam construction.

In general, concrete mixes have a 28-day specified strength of 3000 psi, except as otherwise
noted on the engineer’s drawings.

Concrete used for biological shielding purposes, that is, the majority of concrete used in
floors, walls, roof, and dome of the containment structure, the fuel building, and auxiliary
building, weighs at least 140 lb/ft3, air-dried at 7 days in accordance with ACI 301,
Section 303(b).

Reference to lightweight concrete in Section 303(b) was construed as applicable to regular
structural concrete for the purpose of these requirements. In some cases, where space was not
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available, it was necessary to use heavy aggregate concrete having a density of 230 lb/ft3 or
greater to provide biological shielding.

Proportions of ingredients were determined and tests conducted by an independent
laboratory in accordance with the method detailed in ACI 301, Paragraph 308, for combinations
of materials to be established by trial mixes.

The maximum slump of mass concrete, as defined in ACI 301, Chapter 14, did not exceed
4.5 inch. Slump of other concrete conformed to ACI 301, Paragraph 305. The samples for the
slump tests were taken at the end of the last conveyor, chute, or pipeline at the point where
concrete was placed in the forms.

3.8.1.5.1.6 Mixing and Placing. Batching and mixing conformed to Chapter 7 of ACI 301.
Concrete ingredients were batched in a batch plant and transferred to transit mix trucks for
mixing, agitating, and delivering to the point of placement. Water was added to the mix with the
other ingredients before the truck left the batch plant area.

Placing of concrete was by bottom dump buckets, concrete pump, and by conveyor belt.
Bottom dump buckets did not exceed 4 yd3 in size. The discharge of concrete was controlled so
that concrete was effectively compacted around embedded items and near the forms.

Vertical drops greater than 6 feet for any concrete were not permitted, except where suitable
equipment was provided to prevent segregation.

After the initial concrete set had occurred, but before the concrete reached its final set, the
surfaces of all construction joints were thoroughly cleaned to remove all laitance and to expose
clean, sound aggregate using the air-water jet. After cutting, the surface was washed and rinsed.
All excess water that was not absorbed by the concrete was removed.

Where the use of an air-water jet was not advisable in any specific instance, that surface was
roughened by hacking with hand tools or other satisfactory means to produce the requisite clean
surface. Horizontal construction joints were covered by a 0.5-inch-thick layer of sand/cement
grout of the same sand/cement ratio as the concrete, and new concrete was then placed
immediately against the fresh grout.

Curing and protection of freshly deposited concrete conformed to ACI 301, Chapter 12,
with the following supplementary provisions:

1. Concrete to be cured with water was kept wet by covering with an approved water-saturated
material, by a system of perforated pipes or mechanical sprinklers, or by other approved
methods that kept all surfaces continuously wet. Where wood forms were used and left in
place for curing, they were kept wet at all times to prevent opening at the joints and drying
out of the concrete. Water used for curing was generally clean and free from any elements
that might cause objectionable effects.
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2. The structural engineer indicated the surfaces on which curing compounds could be used.
Curing compounds were not used on surfaces to which additional concrete was bonded.

3. For the procedures used for curing of the top surface of the containment foundation mat, see
Section 3.8.2.

Concrete strength tests were performed in accordance with ACI 301, Chapter 16,
Section 1602(a), Paragraph 4, supplemented as follows.

No fewer than two sets of compression test specimens for each design of concrete were
made during the first 2 days of placing concrete, and at least one set of test specimens was made
per 8-hour shift, or for each 100 yd3 of concrete for Seismic Class I structures, and each 250 yd3

of concrete for other than Seismic Class I structures, whichever gave the greatest number of
specimens. In addition, one set of specimens was made whenever, for any reason, the materials,
methods of concreting, or proportioning was changed.

The test specimens for compressive strength were 6-inch-diameter and 12-inch-long
cylinders. Each set consisted of five specimens, at least one of which was tested at 7 days and
three at 28 days age. The remaining cylinder was retained at the laboratory for further tests at
60 days age, if the result of the previous tests made such a test desirable.

Concrete strength tests were evaluated by the engineers in accordance with ACI 214-65,
Recommended Practice for Evaluation of Compression Test Results of Field Concrete, and
ACI 301-66, Chapter 17.

Strengths of working stress type concrete were considered satisfactory if the average of any
five consecutive strength tests of the laboratory-cured specimens at 28 days age was equal to or
greater than the specified compressive strength, f'c, of the concrete.

Strengths of ultimate strength type concrete were considered satisfactory if the average of
any three consecutive strength tests of the laboratory-cured specimens at 28 days age was equal to
or greater than the specified compressive strength, f'c, of the concrete.

When and if tests for individual cylinders or group of cylinders failed to reach the specified
compressive strength, f'c, of the concrete, the Stone & Webster engineers were immediately
notified to determine if further action was required.

The field tests for slump of Portland Cement concrete were in accordance with
ASTM C143. Any batch not meeting specified requirements was rejected. Slump tests were made
frequently during concrete placement and each time concrete test specimens were made.

Statistical quality control of the concrete was maintained by a computer program. The
program was based on an article in ACI Publication SP-16, Computer Applications in Concrete
Design and Technology. This program analyzes compression test results reported by the testing
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laboratory in accordance with methods established by ACI 214, Recommended Practice for
Evaluation of Compression Test Results of Concrete.

3.8.1.5.2 Reinforcing Steel

See Section 3.8.2.9 for the description of the reinforcing steel used for the Reactor Pressure
Vessel Head Replacement Project.

3.8.1.5.2.1 General. Except for N14 and N18 reinforcing bars, all reinforcing conforms to
Grade 40 of ASTM A615, Standard Specification for Deformed Billet-Steel-Bars for Concrete
Reinforcement. Special large-size reinforcing bars, No. 14 and No. 18, used in the construction of
Seismic Class I structures, are steel of 50,000 psi minimum yield point, conforming to Grade 40
of the Standard Specification for Deformed Billet-Steel Bars for Concrete Reinforcement,
ASTM A615, as modified to meet the following chemical and physical requirements:

Carbon 0.35% maximum

Manganese 1.25% maximum

Silicon 0.15 to 0.25%

Phosphorus 0.05% maximum

Sulphur 0.05% maximum

Yield strength 50,000 psi minimum

Elongation 13% minimum in an 8-inch test sample

Tensile strength 70,000 psi minimum

In areas limited to some containment interior walls, a small amount of Grade 60 reinforcing
steel was used to maintain construction schedules. These bars were stored separately from all
other reinforcing to ensure their traceability to the point of placement in the containment interior
walls.

See Section 3.8.2.9 for the description of the reinforcing steel used for the Reactor Pressure
Vessel Head Replacement Project.

3.8.1.5.2.2 Fabrication. For special chemistry bars, all ingots were identified and all billets were
stamped with identifying heat numbers. All bundles of bars were tagged with the heat number as
they came off the rolling mill. A special stamp marking was rolled into all bars conforming to this
special chemistry to identify them as possessing the chemical and mechanical qualities specified.

On a random basis, the pouring of the heats and the physical and chemical tests performed
by the fabricator were witnessed. Bars containing inclusions or failing to conform to the required
chemistry and physical requirements were rejected.
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Both the ASTM A615 40,000-psi minimum yield strength reinforcement heats and the
special chemistry reinforcement heats contained approximately 100 tons per heat. The
conventional 40,000-psi reinforcement and the special chemistry reinforcement had mill reports
on chemical and physical tests performed on each heat.

3.8.1.5.2.3 Tension Testing. Reinforcing tests were those required by ASTM A-615, performed
and certified by the fabricator.

A tension test was performed for each heat of Grade 40, Grade 40 modified, and Grade 60
reinforcing steel furnished. The tension tests conformed to ASTM A370, Standard Methods and
Definitions for Mechanical Testing of Steel Products. The loading for the tension test to yield was
applied at a rate of from 2000 to 5000 lb/min.

For Grade 40 modified reinforcing steel (N14 and N18 bars), the fabricator’s standard
practice was to perform the required tension test on a full-diameter specimen. For all other
reinforcing steel, i.e., Grade 40 and 60, the tension test sample was either a full-diameter or
standard 0.505-inch-diameter specimen, as allowed by ASTM A-615-68. Additionally, for N14
and N18 reinforcing, one full-diameter by 2 ft. 0 in. length specimen from each heat was
furnished to permit independent verification of chemical and mechanical properties. See
Section 3A.14 for supplemental information.

3.8.1.5.2.4 Placing. Placing of reinforcing steel conformed to the requirements of Chapter 5 of
ACI 301, Structural Concrete for Buildings, and Chapter 8 of ACI 318, Building Code
Requirements for Reinforced Concrete.

3.8.1.5.2.5 Welding. Welding was performed using the Metallic Arc Welding Process with
coated electrodes, or the Metallic Inert Gas Shielded Welding Process (MIG) using bare wire. The
filler metal for the Metallic Arc Welding Process conformed to AWS A-316, Coated Arc Welding
Electrodes (identical to ASTM A-233 and ASTM A-316, Coated Arc Welding Electrodes,
respectively), Classification E-10016-D2, E-10018-D2, or E7018.

The filler metal for the “MIG” welding process was a spooled bare wire, 0.30-inch or
0.35-inch-diameter Linde or Arches Type 515. The shielding gas used for the “MIG” welding
process was Line C-25, a mixture of 75% argon and 25% carbon dioxide.

The ends of the bars to be jointed by butt welding were prepared by sawing or flame cutting,
and dressed by grinding, where necessary, to form a single vee butt joint.

Mill test reports of the heats of steel used for making rebars were obtained to confirm the
grade of steel to be welded. Where preheating was required, temperatures were checked with
Tempilstiks.

To qualify welders for work on the reinforcing steel bars, each welder made a reinforcing
bar test weld in the horizontal fixed position, welding vertically up. Each test weld was sectioned
through the center of the weld by power sawing and machining. The cross-sectional surface was
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etched with a solution of nitric acid and water. The etched surface was examined to determine the
qualification of the welding operator.

All welds were visually inspected. Any cracks, porosity, or other defects were removed by
chipping or grinding until sound metal was reached, and then repaired by welding. Peening was
not permitted.

3.8.1.5.3 Cadwelds

See Section 3.8.2.9 for the description of Cadwelds, including operator qualification and
tensile testing, used for the Reactor Pressure Vessel Head Replacement Project.

3.8.1.5.3.1 General. Bar sizes N14 and N18 were spliced using the Cadweld T-series rebar
splices in accordance with the instructions for their use issued by the manufacturer, Erico
Products, Inc., Cleveland, Ohio.

The ends of the rebars to be joined by the Cadweld process splices were saw-cut or
flame-cut. The ends of the bars were thoroughly cleaned of all rust, scale, grease, oil, water, or
other foreign matter before splicing.

All Cadweld process joints were visually inspected for dryness and cleanliness prior to
fitting the sleeve over the ends. The completed joints were inspected for properly filled joints with
filler metal visible at both ends of the sleeve and at the top hole in the center of the sleeve.
Randomly selected splices were removed and strength-tested for compliance with the
specifications.

The following Cadweld process filler metal casting conditions were not normally
considered cause for rejection or repair of the Cadweld joint:

1. Shrinkage bubbles, shrinkage cracks, and pinholes, usually visible at the ends of the sleeve,
and bubbles at the top hole in the center of the sleeve.

2. Concavity of the filler metal at the sleeve ends caused by the asbestos packing bulging into
the openings between the sleeve and the bar.

Defective Cadweld joints were completely removed, and rejoined using the correct
procedure.

During the Reactor Vessel Head Replacement Project, a temporary construction opening
was cut in the containment building and the subsequent repair and testing of Cadweld splices was
made in accordance with ASME Section III, Division 2, 1995, as described in Section 3.8.2.9.

3.8.1.5.3.2 Operator Qualification. To qualify operators for making Cadweld splices, each
operator demonstrated his ability to make an acceptable fixed joint using the Cadweld process
procedures in accordance with the manufacturer’s recommendation. Operators were qualified
after every 200 Cadwelds.
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3.8.1.5.3.3 Tensile Testing. Randomly selected production Cadweld splices were removed from
each Seismic Class I structure and tensile-tested to meet the following statistical requirements:
one of the first 10 splices, three of the next 100 splices, and two of each subsequent group of
100 splices.

Sister splices were selected only when removal of production splices was impractical.

Tensile tests were considered satisfactory if the average value of two or more successive
splices developed at least the minimum guaranteed ultimate strength of the reinforcing bar, and no
single splice failed to develop 90% of the minimum guaranteed ultimate strength of the rebar.

In the event that Cadweld splices did not meet these requirements, three additional
production splices, made by the operator of the substandard splice, were tested to these same
requirements, and the operator requalified. If any of these additional three productions splices
were substandard, the design of the portions of the Seismic Class I structure in the areas of these
Cadweld splices would be reassessed to determine its ability to accept the reduced average
ultimate strength.

3.8.1.6 Structural Testing and Surveillance

No structural preoperational testing was performed on Seismic Class I structures other than
containments. Structural surveillance programs consist only of seismic instrumentation
surveillance, as discussed in Section 3.7.4, and periodic elevation surveys to detect and monitor
foundation settlement.

3.8.1.7 Construction Materials for Service Water Reservoir Improvements

3.8.1.7.1 Concrete

3.8.1.7.1.1 Cement. All cement used was an approved American brand conforming to the
Specification for Portland Cement, ASTM Designation C150, Type II. It is suitable for Seismic
Class I structures because of its lower heat of hydration and improved resistance to sulphate
attack. Certified copies of mill tests, showing that the cement met or exceeded the ASTM
Requirements for Portland Cement, were furnished by the manufacturer. An independent testing
laboratory performed tests on the cement for compliance with the specifications.

3.8.1.7.1.2 Admixtures. An air-entraining agent was used in the concrete in an amount sufficient
to entrain air so that the air content of the concrete was in accordance with Table 4.5.1 of
ACI 318-83. This agent conformed to the requirements of Standard Specification for
Air-Entraining Admixtures for Concrete, ASTM C260, when tested in accordance with Standard
Method of Testing Air-Entraining Admixtures for Concrete, ASTM C233.

A retarding admixture was used to delay the concrete setting time. The admixture
conformed to the requirements of Standard Specification for Chemical Admixtures for Concrete,
ASTM C494, when tested in accordance with ASTM C494.
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The admixtures were added separately to the batch in solution in a portion of the mixing
water. The solutions were batched by means of a mechanical dispenser capable of accurate
measurement, and in a manner ensuring uniform distribution of the agent throughout the batch
during the specified mixing period.

3.8.1.7.1.3 Water. Mixing water was potable water furnished from the town of Orange, Virginia
municipal supply. The water was clean with a total solids content of not more than 2000 ppm as
determined by ASTM D1888, Standard Test Methods for Particulate and Dissolved Matter,
Solids, or Residue in Water. The mixing water did not contain more than 250 ppm of chloride ion
as determined by ASTM D512, Standard Test Methods for Chloride Ion in Water. In addition, a
comparison of the mixing water was made with distilled water by performing the following tests:

a. Compressive Strength, in accordance with ASTM C109, Standard Test Method for
Compressive Strength of Hydraulic Cement Mortars (using 2-inch or 50-mm Cube
Specimens).

b. Setting Time, in accordance with ASTM C191, Standard Test Method for Time of Setting of
Hydraulic Cement by Vicat Needle.

c. Soundness, in accordance with ASTM C151, Standard Test Method for Autoclave
Expansion of Portland Cement.

The water was checked and tested for compliance with the above requirements by an
independent testing laboratory.

3.8.1.7.1.4 Ice. Ice was used for hot weather batching and was made from water meeting the
same requirements as identified in Section 3.8.1.7.1.3.

3.8.1.7.1.5 Aggregates. Fine and coarse aggregates conformed to the requirements of the
Standard Specifications for Concrete Aggregates, ASTM C33. Aggregates were evaluated for
potential chemical alkali reactivity. Aggregates were free from any materials that would be
deleteriously reactive in any amount sufficient to cause excessive expansion of mortar or concrete.
All aggregates were tested for compliance with the above requirements by an independent testing
laboratory.

3.8.1.7.1.6 Proportioning. Proportioning of structural concrete conformed to ACI 211.1 and
ACI 349. In general, concrete mixes have a 28-day specified compressive strength of 3000 psi.

Proportions of ingredients were determined and tests conducted by an independent
laboratory in accordance with the methods detailed in ACI 211.1 and ACI 349 for combinations
of materials to be established by trial mixes. Slump of concrete conformed to ACI 301,
Section 3.5.

3.8.1.7.1.7 Mixing and Placing. Batching and mixing conformed to ASTM C94, Standard
Specification for Ready-Mixed Concrete, except as otherwise noted in the engineer’s
specifications. Concrete ingredients were batched in a batch plant and transferred to transit mix



Revision 43—09/27/07 NAPS UFSAR 3.8-30
 

trucks for mixing, agitating, and delivering to the point of placement. Water was added to the mix
with the other ingredients before the truck left the batch plant area.

Placing of concrete was by bottom dump buckets, concrete pump, and directly from truck
chute. Bottom dump buckets did not exceed 4 yd3 in size. The discharge of concrete was
controlled so that concrete was effectively compacted around embedded items and near the forms.

Vertical drops greater than 6 feet for any concrete were not permitted, except where suitable
equipment was provided to prevent segregation.

After the initial concrete set had occurred, but before the concrete reached its final set, the
surfaces of construction joints were thoroughly cleaned to remove all laitance and to expose clean,
sound aggregate using the air-water jet. After cutting, the surface was washed and rinsed. All
excess water that was not absorbed by the concrete was removed. Construction joints with
keyways were cleaned but were not required to be roughened.

Where the use of an air-water jet was not advisable in any specific instance, that surface was
roughened by hacking with hand tools or other satisfactory means to produce the requisite clean
surface. Horizontal construction joints were covered by a 0.5 inch to 1.0 inch thick layer of
sand/cement grout and new concrete was then placed immediately against the fresh grout.

Curing and protection of freshly deposited concrete conformed to ACI 301, Chapter 12.

3.8.1.7.1.8 Testing. Concrete testing was conducted upon delivery at the site. All concrete
sampling for testing was done in accordance with ASTM C172. Concrete material for preparing
compression cylinders and performing slump, air content, concrete temperature and density tests
were taken from the discharge end of pipelines or from the discharge chute of the truck mixer if
pipelines were not used.

Compressive strength specimens were prepared in accordance with ASTM C31 and tested
in accordance with ASTM C39. Six 6-inch diameter by 12-inch long cylinders were prepared at a
minimum frequency of every 100 cubic yards placed or fraction thereof per day, for each mix
design placed. Two cylinders were tested at 7 days; two cylinders at 28 days, and two cylinders
were retained for future testing. If the compressive strengths of the 28 day tests exceeded the
design requirements, the remaining cylinders were discarded.

Strengths of concrete were considered satisfactory if the average of any three consecutive
strength tests of the laboratory cured specimens at 28 days was equal to or exceeded the specified
compressive strength, f'c, of the concrete and if no individual cylinder break result falls more than
500 psi below f'c. Each test result was the average strength of two (minimum) cylinder breaks at
28 days.

Slump, air content, air temperature and concrete temperature were tested (or measured) at a
minimum frequency of the first batch and every 50 cubic yards placed per day for each mix design
placed. Slump was tested in accordance with ASTM C143. Air content was tested in accordance
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with ASTM C231. Concrete was rejected unless all specified requirements of slump, air content,
and temperatures were met. Unit weight was also tested daily during production in accordance
with ASTM C138.

3.8.1.7.2 Reinforcing Steel

3.8.1.7.2.1 General. All reinforcing conforms to Grade 60 of ASTM, A615 Standard
Specification for Deformed Billet-Steel-Bars for Concrete Reinforcement.

3.8.1.7.2.2 Placing. Placing of reinforcing steel conformed to the requirements of
Section 5.4.2.2, 5.4.2.4, and 5.5 of ACI 301, Structural Concrete for Buildings, and Section 7.5 of
ACI 349, Code Requirements for Nuclear Safety Related Concrete Structures.

3.8.1.7.3 Dywidag Threaded Rebar Splices

3.8.1.7.3.1 General. In the service water tie-in vault #11 reinforcing bars were spliced using the
Dywidag threadbar splice in accordance with the instructions for their use issued by the
manufacturer, Dywidag Systems International, USA, Incorporated, Lincoln Park, New Jersey.

The ends of the rebars to be joined by the Dywidag splices were sheared or saw cut with a
tolerance of 1/8 inch. The ends of the bars were cleaned and deburred to the extent necessary to
facilitate threading of coupler and hex nut onto the bar.

All completed splices received a visual inspection for proper installation. A random sample
of splices that passed the visual inspection were torque checked.

Splices not properly made or torqued were either retorqued or disassembled, reassembled
and retorqued.

3.8.1.7.3.2 Operator Qualification. To qualify operators for making Dywidag splices, each
operator demonstrated his ability to make an acceptable joint using the Dywidag procedures in
accordance with manufacturer’s recommendations. Requalification of the operators was not
required unless the time limit between production splices or number of incorrect splices exceeded
the limits specified in the procedures.

3.8.1.7.3.3 Tensile Testing. Tensile testing was performed on sister splices made with straight
bars.

The required number of tensile tests were as follows:

1 of first 10 splices

1 of the next 90 splices

2 of the next and subsequent 100 splices
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All splices meet the acceptance criteria of ACI 318-83 Section 12.14.3.4 which requires the
mechanical splice shall develop in tension or compression, as required, at least 125% of the
specified yield strength of the bar.

3.8.2 Containment Structures

See Section 3.8.2.9 for the description of the restoration of the construction opening used
for the Reactor Pressure Vessel Head Replacement Project (Unit 2 only).

3.8.2.1 Physical Description

3.8.2.1.1 General

For arrangement of the containment structure, see Reference Drawings 3 through 9.

The reactor containment structure is similar in design and construction to that of the Surry
Power Station of the Virginia Electric and Power Company, in Surry County, Virginia (Docket
Nos. 50-280 and 50-281). It is a steel-lined, heavily reinforced concrete structure with vertical
cylindrical wall and hemispherical dome, supported on a flat base mat. Below grade the
containment structure is constructed inside an open cut excavation in rock. The structure is
rock-supported. The base of the foundation mat is located approximately 67 feet below finished
ground grade.

The containment structure has an inside diameter of 126 ft. 0 in. The bend line of the dome
is 127 ft. 7 in. above the top of the foundation mat. The inside radius of the dome is 63 ft. 0 in.
The interior vertical height is 190 ft. 7 in. measured from the top of the foundation mat to the
center of the dome. The cylindrical wall is 4 ft. 6 in. thick, the dome is 2 ft. 6 in. thick, and the
base mat is 10 ft. 0 in. thick. The steel liner for the wall is 3/8 inch thick. The steel liner for the
mat consists of a 0.25-inch plate, except in the incore instrumentation area, where an exposed
0.75-inch plate is used; the inside recirculation spray pump sumps, where an exposed 0.5-inch
plate is used; and the containment drainage sumps, where an exposed 8-inch schedule 40S capped
pipe is used. The steel liner for the dome is 0.5 inch thick. A waterproof membrane, as shown on
Figure 3.8-2, was placed below the containment structural mat and carried up the containment
wall to above ground-water level. Attached to and entirely enveloping the structure below grade,
the membrane protects concrete reinforcing from ground-water corrosion, and the steel liner from
external hydrostatic pressure.

Access to the containment structure is provided by a 7 ft. 0 in. i.d. personnel hatch and a
14 ft. 6 in. i.d. equipment hatch. Other smaller containment structure penetrations include hot and
cold pipes, main steam and feedwater pipes, the fuel transfer tube, and electrical conductors.

The reinforced-concrete structure is designed to withstand all loadings and stresses
anticipated during the operation and life of the plant. The steel liner is attached to and supported
by the concrete. The liner functions primarily as a gastight membrane, and transmits loads to the
concrete. During construction, the steel liner served as the inside form for the concrete wall and
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dome. The containment structure does not require the participation of the liner as a structural
component. No credit is taken for the presence of the steel liner in the design of the containment
structure to resist seismic forces or other design loads.

The steel wall and dome liner are protected from potential interior missiles by interior
concrete shield walls. The base mat liner is protected by a 21- to 30-inch-thick concrete cover,
except in the incore instrumentation area, the inside recirculation spray pump sumps, the
containment drainage sumps, the low end of the containment sump trench, where the slope results
in a minimum of approximately 12 inches of concrete cover, and the bottom of the containment
sump.

3.8.2.1.2 Construction Procedure and Practice

3.8.2.1.2.1 Preparation of Excavation. After performing the general excavation, the circular
excavation for the containment structures was taken to approximately Elevation 204 feet to found
the containment mat on fresh, crystalline, metamorphic rock. The sidewall of this excavation was
presplit and the interior rock excavated under rigid control, using careful blasting procedures.
Explosive charge weights per delay and per shot were controlled to ensure a minimum of
disturbance to rock outside the excavation limits. To ensure stability of the excavation, the
sidewall was reinforced, as required, with ungrouted rock bolts and reinforced gunite. As an
additional precaution, grouted rock bolt reinforcement was installed in the sidewall of the
containment structure excavation, where the adjacent fuel and auxiliary building fuel structures
are founded directly on the surrounding rock. This reinforcement provided an additional factor of
safety against loosening of the rock along joint or foliation planes during the construction period.
The details are shown on Figure 3.8-2.

The bottom of the containment structure excavation was thoroughly cleaned, and a 6-inch
layer of porous concrete was placed directly on this prepared rock surface. Porous concrete is
discussed in Section 3.8.2.7.4. To prevent clogging of this construction drainage layer, its surface
was sealed by screeding and slush grouting. A waterproof membrane was laid directly on this
construction drainage layer and covered with a second layer of porous concrete 4 inches thick.
Waterproof membrane is discussed in Section 3.8.2.7.5. The surface of this drainage layer was
also screeded and slush grouted to minimize clogging during placement of the mat reinforcing
steel. The vertical surface of the lower 10 feet of the containment excavation was brought to a
smooth, even surface with fill concrete, to which the waterproof membrane was applied. The
inner face of the vertical membrane was covered with a layer of 4-inch concrete block, to serve as
both protection for the waterproof membrane, and as drainage. The exposed surface of the
completed membrane at the top of the foundation mat was covered with concrete backfill to
provide protection. If necessary, drainage of the upper 4-inch-thick layer of porous concrete will
be accomplished by permanent pumps. The membrane generally extends to 6 inches below
ground grade.
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After the porous concrete and concrete block was placed to protect the waterproof
membrane, the reinforcing for the foundation mat was placed as described in Section 3.8.2.7.2.
The concrete of the mat was cured by ponding water above the surface.

Steel bridging bars described in Section 3.8.2.1.4 and other miscellaneous steel inserts were
set and cast in the concrete mat during the mat construction.

Before applying the vertical membrane, the concrete surfaces were worked as necessary to
remove all fins, projections, and loose materials. Tie-bolt holes and other voids were filled to
provide a smooth backup surface.

A 2-inch layer of compressible material was then placed against the waterproof membrane
on the containment wall, up to the elevation where concrete backfill was discontinued, to isolate
the containment structure from adjacent concrete backfill. Compressible material is discussed in
Section 3.8.2.7.7. Concrete backfill was placed in the annular space between the compressible
material and the vertical line of rock excavation to support the wall of the excavation with a
compression ring structure, preventing any movement or yielding of the material adjoining the
excavation under the surcharge of structures adjacent to the containment. Concrete backfill is
discussed in Section 3.8.2.7.8. This fill extends upward to the underside of adjacent foundations
or to the top of the rock surface at approximately Elevation 246 feet.

3.8.2.1.2.2 Liner Erection. Erection of the steel liner followed the completion of the concrete
mat. The 3/8-inch-thick steel wall liner was erected to the bend line. The 0.25-inch-thick mat liner
plate was installed on top of the concrete mat during this period. On completion of the wall liner
to the bend line, and completion of the mat liner, all welds were checked for compliance with the
approved weld inspection and gas test requirements. The containment interior concrete structure
was built, and the polar crane erected, during the construction of the wall liner. Construction of
the exterior concrete wall to approximately finish ground grade followed completion of the wall
liner.

The liner was then completed, finishing with the construction of the 0.5-inch-thick steel
dome, with all welds inspected and gas tested.

The completed steel wall liner was braced to prevent distortion during concrete placement.
The exterior concrete forms were supported from the preceding concrete using cantilever
formwork and strongbacks.

Cantilevered steel strongbacks were used in the construction of the concrete dome to
support the steel dome liner, reinforcing steel, formwork, and wet concrete against deformation.
Strongbacks were cantilevered from the completed concrete of the wall or the dome.

3.8.2.1.2.3 Concrete Placement. In general, concrete in the wall and dome of the containment
structures was placed in uniform 6-foot lifts around the entire circumference. Each lift was
deposited in approximately 18-inch layers at such a rate that concrete surfaces did not reach their
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initial set before additional concrete was placed. See Section 3.8.2.9 for the description of
concrete placement for the Reactor Pressure Vessel Head Replacement Project.

Concrete forms were used on the exterior of the concrete dome to a line approximately
50 degrees above the horizontal plane at the bend line. The permanent steel liner served as the
inner form for concrete placement.

Concrete was placed in the containment mat and walls by bottom dump buckets, belt
conveyor, or by pumping. Prior to the placement of concrete in the mats, walls, and dome of the
containment structure, the procedure for placing this concrete was reviewed and approved by the
Stone & Webster Engineering Corporation structural engineer. In cold weather, the concrete
temperature was maintained at the temperature recommended in Table 1.4.1 of ACI 306, and for
the number of days recommended by Table 1.4.2. In hot weather, the concrete was delivered to the
form with a maximum temperature of 70°F. Generally, most concrete as placed was at
approximately 65°F. This was effected by using chipped ice in the concrete mix during hot
weather.

All concrete samples for testing were taken at the point of placement, if feasible.

3.8.2.1.2.4 Reinforcing Steel Placement. The foundation mat of the containment structure is
reinforced with both top and bottom layers of reinforcing. Bottom mat reinforcing was placed in a
rectangular grid pattern with layers at 90 degrees to each other. Reinforcing for the top of the mat
consists of concentric circular bars combined with radial bars. The reinforcement pattern for the
top of the mat is arranged to permit a uniform spacing of the vertical wall rebars that extend into
the mat. Splices in adjacent parallel rebars in the mat are in general not less than 4 feet apart.

Hoop tension in the cylinder is resisted by horizontal bars located near both the outer and
inner surfaces of the wall. All horizontal circumferential bars, including those in the dome, have
their joints staggered a minimum of 3 feet.

See Section 3.8.2.9 for the description of the splicing scheme used for the Reactor Pressure
Vessel Head Replacement Project.

Longitudinal tension in the cylinder wall is resisted by two groups of vertical bars, one near
the interior face and the other near the exterior face of the wall. Vertical bars are placed in three
groups of 20 bars of equal length along the circumference. These are arranged so that no adjacent
group in the same or opposite face of the wall will have splices closer than 6 feet vertically. The
dome reinforcing consists of layers of rebar placed meridianally, extending from the vertical
reinforcing of the cylindrical wall and horizontal layers of circumferential hoop bars. Layers are
located near both the inner and outer faces of the concrete. The radial pattern of the meridianal
reinforcing steel terminating in the containment dome results in a high degree of redundancy of
reinforcing steel in the dome. Bars are terminated beyond a point where there is more than twice
the amount of steel required for design purposes. The rate of convergence of these bars and low
stress requirements dictated by the arrangement produces a relatively low bond stress. In a limited
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number of cases where bars are terminated close to the center of the dome, anchorage stresses are
more critical, and bars are hooked to provide the required anchorage. Near the crown, the
meridianal rebars were welded to a concentric steel ring cast in the concrete.

Radial shear loads generated by internal pressure resulting from the design-basis accident
are primarily resisted by shear assemblies, i.e., 4-inch x 0.75-inch flat bars, inclined at 45 degrees
with the horizontal, and welded to the surfaces of an additional layer of vertical reinforcing in the
interior face, and vertical reinforcing in the exterior face of the cylinder wall. This radial shear
varies from a maximum at the base of the wall, where the foundation mat restrains the
independent movement of the wall, to zero at some level above the mat. Four-foot-long deformed
bar anchors are welded perpendicular to the surface of the liner to prevent splitting between the
two layers of vertical reinforcing in the interior face in this region. Conventional bent bars are also
used to resist radial shear loads, but only in areas of diminished shear intensity.

The tangential shears resulting from the earthquake loadings will be resisted by a
combination of rebars inclined at approximately 45 degrees in each direction in the plane of the
wall parallel to the main reinforcing steel, and by aggregate interlock. Minimum concrete cover
for all principal reinforcing steel of the containment structure exceeds the requirements of
ACI 318, paragraph 808(d), which states, “Concrete protection for reinforcement shall in all cases
be at least equal to the diameter of the bars.” The largest and principal reinforcing bar is a No. 18,
which would, therefore, require a minimum cover of only 2-3/8 inch by the code.

Figure 3.8-3 shows a typical detail of reinforcing steel in the foundation mat and base.
Figure 3.8-4 shows a typical detail of the dome/cylinder junction. Figure 3.8-5 shows the detail of
the concentric steel ring embedded in the concrete at the apex of the dome.

Figure 3.8-6 shows diagonal rebars in the containment cylinder. The diagonal reinforcement
indicated is based on the recommendations contained in Report SWND-5, Design of
Orthogonally Reinforced Concrete Nuclear Containment Shells for Local Membrane Shear
Resistance, by M. J. Holley, Jr., and Behavior of Precracked Concrete Subjected to Reversing
Shearing Stresses, by R. N. White, and modifications of their recommendations at meetings with
the technical staff of the DRL on other projects on January 20, 27, 28, February 22, and
March 18, 1970. The reinforcing shown is predicated on furnishing sufficient diagonal reinforcing
to resist the tangential seismic shears induced by the design-basis earthquake, which are in excess
of the maximum shear induced by 1.25 times the operational-basis earthquake. It is assumed that
aggregate interlock resists the seismic shear induced by 1.25 times the operational-basis
earthquake. Computations assume that the concrete has been precracked by the pressure resulting
from the design-basis accident. The computations ignore all dowel action from the orthogonally
placed vertical and horizontal rebars, and assume that the liner does not assist in resisting pressure
or seismic effects.
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3.8.2.1.3 Ground-Water Corrosion Protection

The ground-water elevation external to the membrane protection of the exterior surfaces of
the containment structure will probably be several feet higher than the level of Lake Anna,
normally at Elevation 250 feet In the unlikely event that water penetrates or otherwise
circumvents the membrane, it will drain to a layer of porous concrete directly below the mat and
inside the membrane. This 4-inch-thick layer of porous concrete serves as a horizontal drain under
the entire structure. The porous layer is vented by four 10-inch-diameter pipe sleeves that extend
from the underside of the mat into two access shafts adjacent to the outside of the containment
structure. These shafts are inside the waterproof membrane, and house permanent pumps operated
by level control switches. Access is from ground level. Drainage past the vertical edge of the mat
is assisted by a layer of 4-inch-thick concrete masonry blocks placed against the inside surface of
the membrane.

Cathodic protection is not provided, since adequate corrosion protection of the embedded
reinforcing is otherwise provided. Research by the National Bureau of Standards (Reference 2)
and others (References 3 & 4) indicates that cathodic currents damage the bond between the
reinforcing steel and concrete. This bond softening is due to the gradual concentration of sodium
and potassium ions. In time, the alkali concentration becomes strong enough to attack the steel.

The surface of the steel liner in contact with concrete is not subject to corrosion because of
the alkaline nature of the concrete, and therefore has no other protective coating.

3.8.2.1.4 Containment Liner

3.8.2.1.4.1 Physical Description. The containment liner includes the liner plates, penetrations,
insert plates, anchors, and access openings. Detailed illustrations of the steel liner and
penetrations are shown in Figures 3.8-7 through 3.8-15.

Liner Plate

The liner plate is a continuous steel membrane supported by and anchored to the inside of
the primary containment structure.

The basic shape of the liner plate consists of a cylindrical portion attached to a skirt
anchored at its base to the foundation mat. The liner plate cylinder is closed at the upper end with
a hemispherical dome.

The cylindrical portion of the liner plate is 3/8 inch thick, the hemispherical dome liner
plate is 0.5 inch thick, and the flat floor covering the mat is 0.25 inch thick, with the exception of
areas where the transfer of loads requires a reinforced thickness.

The 0.25-inch-thick floor liner plates were assembled in place and continuously welded at
their periphery to cruciform steel inserts, which are cast in the reinforced concrete base mat
(Figure 3.8-7).
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The 3/8-inch-thick liner plate served as the internal form for the concrete containment
during construction. All liner seams are double butt welded or equal full penetration joint. Two
materials are used for the liner plates. SA-537 Grade B, quenched and tempered, is used for the
first 28 ft. 5 in. above the mat, and SA-516 Grade 60, fine-grained and normalized, is used for the
rest of the cylinder, the dome, and the mat liner. See below for liner plate materials used for repair.

All welded seams in the mat, cylindrical liner wall, hemispherical dome, and liner
penetrations are covered with continuously welded test channels except for the welded seams of
local repair areas. These channels are zoned into test areas by dams welded to the ends of the
sections of the channels. The channels are used to check tightness of welds during liner erection to
ensure that the overall leak rate test requirement is met on completion. However, should the
overall leak rate exceed specification in initial or periodic tests, the channels may be used to assist
in locating the source of leakage. Typical liner plate details are shown in Figure 3.8-8.

Since the containment liner is covered on the exterior with concrete, repair methods may
differ somewhat from original construction. Repairs to the liner are made from the containment
interior using full penetration welds and SA/A-516 Grade 60, 65, or 70, fine grained and
normalized material. A local pressure test and/or Containment Type A test is performed on
completed repair welds to verify leaktight integrity.

All bolted closures are double gasketed, with means for introducing a pressurized gas
between the gaskets so that the closures may be examined for leaks.

The steel containment liner is anchored to the concrete wall and dome with steel anchor
studs and deformed anchor bars. In addition to the concrete stud anchors, the wall and base mat
section are anchored and joined at the intersection of the vertical wall and the base mat with a
steel skirt embedded and anchored in the concrete, as shown in Figure 3.8-9.

For missile and thermal protection, the bottom liner plate is overlaid with a
reinforced-concrete slab approximately 2 feet thick. This slab is anchored to the bottom concrete
mat through the steel liner, except at the incore instrumentation area and the sump areas. In these
areas, the mat liner is not covered with concrete. The plates are 0.75 inch thick to compensate for
the lack of a concrete covering in the instrumentation area. Gratings are used to protect the sump
areas.

The concrete slab covering the floor liner plate is anchored through the steel liner plate by
7-inch x 0.5-inch bridging bars, as shown in Figure 3.8-7. These bars form an integral part of the
steel liner, and conform to the material and workmanship specifications of the steel liner.

Bridging bars, shown in Figure 3.8-10, are welded through the floor liner plate where
transfer of loads through the floor is required. Vertical reinforcing steel bars are welded to the top
and bottom of the 3-inch side, thus providing bar continuity without creating multiple
penetrations through the liner.
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Penetrations

Penetrations are used to carry piping, mechanical systems, and electrical services through
the containment walls. These penetrations can be classified as follows:

1. Piping systems - Two basic types of penetrations are used for piping systems:

a. Unsleeved - These penetrations consist of piping installed through the containment wall
without a sleeve around the outside of the piping. Unsleeved penetrations are used for cold
piping systems (temperature of the fluid in the piping is less than 150°F) when only one
pipe passes through the penetration.

b. Sleeved - These penetrations have a sleeve around the outside of the piping. Sleeved
penetrations are used for all multiple piping systems passing through one penetration and
for all thermally hot (over 150°F) piping systems, both single and multiple. Typical piping
penetrations are shown in Figure 3.8-11.

2. Mechanical system

a. Fuel transfer tube enclosure - A fuel transfer tube enclosure is provided for the fuel transfer
tube, which connects the refueling canal in the containment structure and the spent-fuel pit
in the fuel building. The penetration consists of a stainless steel pipe installed inside a
sleeve, as shown in Figure 3.8-11. The fuel carriage rides on rails inside the inner pipe. The
outer pipe is welded to the containment liner, and compensates for any differential
movement between the two end points and between the two pipes. The outer pipe, called
the enclosure, has provisions for Freon gas leak-testing of all welds essential to the
integrity of the penetration.

3. Electrical service penetrations - There are approximately 120 electrical penetrations through
the containment. They are spaced 2 feet apart on centers, in an arrangement shown in
Figure 3.8-12 and Reference Drawing 13. Penetrations used for redundant channels are
separated by at least one other penetration and, hence, are a minimum of 4 feet apart. The
cables, upon leaving the penetrations, enter a terminal box or conduit for maintaining
separation, and then enter the cable trays. No piping is located in or near the penetration area
on the cable vault side. The reactor containment side penetrations are separated from the
piping by a checkered plate platform. Protection against internal missiles is provided by
(1) separation of redundant vital components, (2) use of missile shielding, (3) location and
orientation of potential missile sources, and (4) conservative design of pressurized
components that may become missile sources. The penetration area is separated from the
main containment area by the crane wall, which is designed to provide missile protection for
components outside the crane wall.

Provisions have been made for fire detection and protection for the electrical penetrations, as
described in Section 9.5.1.
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The penetrations containing power cable are the only ones in which it is considered feasible
that a fire or an explosion could be generated. Thermocouples are installed in the power cable
penetrations for the purpose of confirming the adequacy of design. Should an explosion
occur, the force will be directed outward in a line perpendicular to the plane of the cable
trays. The rating of the sleeves or flange of the penetration is designed to prevent the
generation of a missile, but, if one is generated, the arrangement of the trays will limit the
damage to one cable tray and to one channel, due to the separation criteria applied.

All cable insulating and jacketing materials used in these areas were specified and tested to
ensure that they are flame-retardant and nonpropagating. Fire protection and detection
equipment, including smoke detection apparatus, is installed as well.

Should a fire develop at a penetration or in a cable tray, it would be limited to the one
penetration or tray, since there are no combustibles in the areas to sustain a fire and cause it to
spread, and the cable itself is flame-retardant and nonpropagating. In addition, the fire
detection and protection equipment would ensure prompt corrective action to minimize the
duration and effects of a fire.

Electrical conductors penetrating the containment structure range in size from those used for
thermocouple leads to those used for 4160V power circuits. Each penetration group passes
through an 8-inch- or 12-inch-diameter steel sleeve. The sleeves are welded into the
containment liner with a test channel around the weld for leak testing, as shown on
Figure 3.8-13.

The electrical penetrations are shown on Figure 3.8-13, and generally consist of an 8-inch or
12-inch steel sleeve with bolted-on flanges. The penetrations are of three basic types:
medium voltage, triax, and low voltage, control, and instrumentation. The medium voltage
type consists of a sleeve with a flange at each end and bushing for connections. The triax type
is a canister consisting of a flange on the cable vault side through which passes the connector
for the triax cable and a moisture-resisting connector that is supported on the containment
side. The remaining types are canister type, with one flange on the cable vault side through
which pass conductors embedded in a resilient sealant matrix encased in compression
fittings. Tests were performed in the factory and after installation to ensure complete
leaktightness.

Each penetration is held in place with bolts that draw each flange against a sealing o-ring. An
electrical connector may be replaced, if necessary, without welding or cutting of the
containment liner or sleeve.

Connections for pressurizing each electrical penetration, and a pressure gauge for monitoring
the degree of pressurization, are provided. During plant operation, the penetrations will
normally be pressurized a few psi above atmospheric. The pressurization and pressure gauge
installations assist in the early detection and repair of leaking penetration.
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Electrical penetrations meet the requirements of IEEE 317-1971, IEEE Standard for
Electrical Penetrations Assemblies in Containment Structures for Nuclear Fueled Power
Generating Stations, with the exception of the installation leak test, which will be in accordance
with the method described in Section 6.2, meeting Appendix J requirements.

Secondary overload protection has been installed in circuits associated with the Unit 2
Containment electrical penetrations to meet the requirements of condition 2.C(10) of Operating
License NPF-7, Position C.1 of Regulatory Guide 1.63, Revision 2, July 1978, Electric
Penetration Assemblies in Containment Structure for Light-Water-Cooled Nuclear Power Plants,
and subsequent correspondence between the Nuclear Regulatory Commission and Virginia
Electric and Power Company. The addition of secondary overload protection devices to all
normally-energized power and control circuits which enter the Unit 2 Containment Building will
adequately protect the mechanical integrity of the electrical penetrations (see Reference 33) in the
event of the short-circuit current versus time condition that may occur, given a single random
failure of the circuit’s overload protective device. Secondary overload protection to
instrumentation circuits entering the Unit 2 Containment Building are not provided, since their
maximum short-circuit current versus time condition will not exceed the rating of their electrical
penetration assemblies.

The secondary overload protection devices, consisting of either a circuit breaker, a set of
fuses or additional protective relays, are installed in series with existing overload protection
devices in all normally-energized power and control circuits entering the Unit 2 Containment
Building. Their function is to de-energize the circuit in the event of a short-circuit current versus
time condition which may damage the mechanical integrity of the electrical penetration assembly.

Access Openings

The containment structure contains the following access openings:

1. Equipment hatch - The equipment hatch is mounted in the containment wall, as shown in
Figure 3.8-14. This hatch has an inside diameter of 14 ft. 6 in. It is equipped with one hatch
cover mounted on the inside of the containment structure.

2. Personnel air lock - A personnel air lock is installed for entry into the reactor containment
structure. The personnel air lock has an inside diameter of 7 ft. 0 in., with hatch covers at
both ends. It is installed in the containment wall as shown in Figure 3.8-14.

3. Dome ventilation opening - A dome ventilation opening for use during construction is
installed at the apex of the containment structure, as shown on Figure 3.8-5. The dome
ventilation opening has a hatch cover located on the outside of the containment, and is filled
with concrete.

Insert Plates

Steel insert plates are used in the liner plate to attach brackets for the support of equipment
such as the quench spray piping and headers.
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Anchors

Steel anchors are provided to attach the liner plates and the insert plates to the concrete
containment structure.

3.8.2.1.4.2 Functional Design Bases - Liner Plate. The liner plate acts as a gastight membrane
under any one of the conditions that can be encountered throughout the operating lifetime of the
station. The liner plate is designed to resist all direct loads and accommodate deformation of the
concrete containment without jeopardizing its leaktight integrity. It is anchored to the concrete at
close intervals so that the overall deformation of the liner will be essentially the same as that of
the concrete containment.

The skirt-to-liner juncture and the skirt-to-mat anchorage is proportioned to develop the full
strength of the liner. Under DBA conditions, the liner will be under a state of biaxial compressive
strain due to thermal effects. During containment leakage and structural test conditions, the liner
plate is under a state of biaxial tensile strain.

Penetrations

1. Piping system penetrations - All containment piping penetrations are anchored to the
reinforced-concrete containment wall so that loads can be transferred from the piping to the
reinforced concrete.

a. Unsleeved penetrations - The pipes are welded to reinforcement plates, as shown in
Figure 3.8-11, anchored to the concrete wall. This type of penetration is used for single
pipes carrying cold fluids.

b. Sleeved penetrations - An attachment plate joins the sleeve with the piping, as shown in
Figure 3.8-11. The sleeve is welded to reinforcement plates anchored to the containment
reinforced concrete so the piping loads can be transferred to the containment wall. The
sleeved piping penetration is used for all penetrations carrying multiple pipe lines, and for
piping systems carrying thermally hot (over 150°F) fluids.

Thermally hot pipes are insulated to prevent the temperature of the concrete adjacent to the
sleeve from exceeding 200°F. Two water-cooled cooling units were originally installed on the
sleeve for thermally hot penetrations in which the insulation alone would not be sufficient to
maintain the concrete below 150°F. One cooler is located on the inside of the penetration
(inner unit), encompassing the full length of the sleeve, and the other is located on the outside
of the sleeve near the liners. The outside (outer) cooler has been removed on hot pipe
penetrations. The outside cooler was not removed from installed spare penetrations with
coolers. These coolers have been removed from service.

The CC System supply and return connections to the outer penetration coolers have been
sealed as shown in Figure 3.8-15 for all ten Unit 1 and 2 thermally hot penetrations
(1-PEN-PN-28, 39, 40, 41, 73, 74, 75, 76, 77, 78, and 2-PEN-PN-28, 39, 40, 41, 73, 74, 75,
76, 77, and 78).
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Cooling water supply and return piping for each cooler has been cut, capped and abandoned
in place for all Unit 2 hot pipe penetrations. The coolers have been isolated and drained to
prevent corrosion in the coolers. Analyses have been performed which demonstrate the
concrete temperature will remain below the allowable temperature of 200°F. Cooling water
to the coolers is not longer required.

2. Mechanical system penetration - The outer enclosure of the fuel transfer tube consists of
sections of cylinder connected by bellows. There are two main requirements for this
structure: (1) the bellows are designed to accommodate the maximum deflections, including
offset between the spent-fuel pit in the fuel building and the refueling canal in the
containment structure; (2) the entire structure is a part of the containment, and can withstand
external pressure and temperature during the test and emergency (DBA) conditions.

The bellows were selected on the basis of deflections caused by thermal expansion, seismic
motions, and radial movement of the containment building wall due to internal pressure and
temperature.

3. Electrical penetrations - Electrical conductors penetrating the containment structure range in
size from No. 16 AWG thermocouple leads to 1000 MCM conductor for 4160V power
circuits. Each penetration assembly passes through 8-inch or 12-inch steel pipe sleeves. The
sleeves are welded into the containment liner plates with a leak test angle around the inner
reinforcement plate and a leak test channel around the flange seal weld, for leak testing after
installation. The assemblies are constructed to withstand DBA and seismic conditions and,
where required, short-circuit forces.

The flanges with the electrical feedthroughs are held in place with bolts that draw each flange
against o-ring seals in a flange welded to the sleeve. Each flange is tapped for leak testing
between the o-rings, and can be tested for leakage as required by the Technical
Specifications.

Access Openings

1. Equipment hatch - The equipment hatch is a single closure hatch with an inside diameter of
14 ft. 6 in., as shown in Figure 3.8-14. The hatch cover is double gasketed with a leakage test
tap between the o-rings. The enclosed space between the o-rings can be pressurized to
containment design pressure to test for leakage when the access door is bolted in place. The
equipment hatch cover is provided with a hoist with two-point suspension and a sliding rail
for storage. A concrete tornado missile shield protects the equipment hatch.

The equipment hatch includes a 5 ft. 9 in. inside diameter emergency personnel escape lock,
as shown on Figure 3.8-14. The emergency personnel escape lock is a double closure
penetration, and incorporates features used in the 7-foot personnel air lock. The escape lock
is attached to the equipment hatch head by double gasketed bolted flanges. Test taps for
conducting leakage measurements are provided.
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2. Personnel air lock - The personnel air lock is a double closure penetration. It has an inside
diameter of 7 ft. 0 in., as shown on Figure 3.8-14. Each closure head is hinged and double
gasketed, with a leakage test tap between the o-rings. The enclosed space between the o-rings
can be pressurized to containment design pressure to test for leakage through the access door
when it is locked in place. The personnel air lock can be independently pressurized up to
containment design pressure for testing. Both doors are hydraulically latched. Both doors are
interlocked so that, if one door is open, the other cannot be actuated. Each door is furnished
with a pressure-equalizing connection. The equalizing valves are manual or push-button
operated by the person entering or leaving the personnel air lock. The interior door of the
lock can be remotely closed from outside the containment structure.

3. Dome ventilation opening - A ventilation opening is provided at the containment dome apex.

A conical cap protects the junction between the concrete and sleeve ring from rain water
seeping in.

The welded upper closure plate protects the opening itself from inclement weather. This
opening is primarily for use during the construction period.

Insert Plates

All major mechanical loads generated within the containment, except pipe loads at
containment wall penetrations, are carried by the internal concrete structures. The loads derived
from the support of quench spray piping next to the liner wall are transferred to the containment
concrete wall through insert plates and their anchors. The anchors are designed in number and
size to be within the limits specified for the anchors in Table 3.8-7. The thickness of the insert
plates provides a rigid base for the attached studs and pipe supports.

Sufficient anchorage is provided so that the liner plate adjacent to insert plates is isolated
from loads applied to brackets or attachments, and leaktight integrity is maintained.

Anchors

The steel containment liner is anchored to the concrete wall and dome with concrete anchor
studs. The anchorage layout is in a diamond pattern. The location tolerance of each stud is
1.5 inch in any direction from its theoretical location, as dimensioned on the erection drawings, to
clear possible interferences with reinforcement bars or other embedded parts.

To verify the capabilities of the anchor studs, tests were conducted at Northeastern
University, Boston, Massachusetts, using 5/8-inch-diameter studs and 3/8-inch-thick plate. These
tests showed that shear failure occurs in the stud adjacent to the weld connecting the stud to the
plate. In no instance was the plate damaged. Tests conducted by one stud manufacturer indicate
that, with the manufacturer’s recommended depth of embedment of the stud in concrete, the
ultimate strength of the stud material can be developed in direct tension.
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3.8.2.1.4.3 Applicable Codes. The ASME Boiler and Pressure Vessel Code, Section III, Nuclear
Vessels, was used as a guide in the selection of materials and fabrication of the steel containment
liner. Liner plates conform to the respective requirements stated in ASTM Standards, 1969
revisions.

There were no applicable codes for the design of concrete containment liners. However,
ASME Sections III and VIII, with Code Addenda through summer 1969, were used as guides to
develop the load combinations, load categories, and design allowables (Tables 3.8-7 and 3.8-8).
Compliance with applicable AEC Safety Guides is described in Appendix 3A.

Documents related to the Quality Assurance Program are contained in Chapter 17.

The personnel hatch is designed, fabricated, tested, and stamped in accordance with the
ASME Boiler and Pressure Vessel Code, Section III, Class B, Nuclear Vessels, 1968.

The piping system penetrations are designed, fabricated, and stamped in accordance with
the Nuclear Power Piping Code, USAS B31.7-1969.

Brackets and attachments are designed and constructed using industry-accepted techniques
such as the AISC Specification for the Design, Fabrication, and Erection of Structural Steel for
Buildings, February 12, 1969.

3.8.2.1.4.4 Load Combinations - Liner Plate. The containment liner plate was designed for the
load combinations presented in Table 3.8-7.

Regulatory Guide 1.46, Protection Against Pipe Whip Inside Containment, position C.3.b,
indicates that piping 1 inch in diameter and less does not require postulation of high-energy pipe
break. Therefore, no specific mathematical analysis has been performed to calculate adequacy of
the exposed liner plate to a postulated incore instrumentation tube rupture. It is considered that
tubing of this size and wall thickness would cause no hazard to the liner, which is greater in
thickness and is buttressed by many feet of concrete.

Penetrations

1. Piping system penetrations - The load combinations used for both sleeved and unsleeved
penetrations are listed in Table 3.8-8.

The penetration load combinations include pipe internal design pressure and temperature,
plus M or T, where M and T are the bending and torsional moments that would cause the
attached pipe to yield fully across the entire cross section. Each penetration assembly is
designed to withstand these loading combinations within the limits set by ASME Section III.

Whether the source of the penetration loading is a normal, seismic, or pipe rupture force, the
defined criterion considers the maximum loading that the attached pipe can transmit to the
penetration, regardless of the source of loading. Therefore, no separate calculation of seismic
forces is needed.
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2. Mechanical system penetration - fuel transfer tube enclosure - As described in
Section 3.8.2.1.4.2, the significant design loads include the external loads due to containment
test pressure, design pressure and temperature effects, and seismic loads.

Access Openings

Access openings are designed for the load combinations presented in Table 3.8-7.

Insert Plates

The mechanical loads for the insert plates are derived from pipe support analysis for the
quench spray subsystem. Load combinations for piping subsystems are contained in
Section 3.7.3.

Anchors

Anchors are designed for the loads given in Table 3.8-7.

3.8.2.1.4.5 Analytical Techniques. The computer programs are explained in more detail at the
end of this section. Certain portions of these computer programs are considered proprietary to
Stone & Webster Engineering Corporation.

Liner Plate

The containment liner plate was analyzed using the computer code, Stress Analysis of Shells
of Revolution, for orthotropic shells axisymmetrically loaded. Included in the analysis are the
effects of the reinforced-concrete wall, dead weight, internal pressure, and temperature.

The junction of the mat liner and wall liner was analyzed with the computer code SHELL 1.

Allowable seismic stresses in the liner are given in Table 3.8-7 for the DBE loads. The
maximum seismic loads were determined from the seismic analysis of the containment building,
as described in Section 3.8.2.4. In this analysis the total wall loads are calculated. Manual
calculations were then performed on the total wall loads to determine what percentage of these
loads is seen by the liner.

In cases where a shear stress and membrane stresses occur concurrently, principal stresses
were determined manually using the Mohr’s circle equation for stresses.

Penetrations

1. Piping System Penetrations

a. Unsleeved - The basic sizing of these penetrations was done manually for the load
combinations of the design conditions in Table 3.8-8. There are no attachment plates or
sleeves for these pipes. For evaluation of the pipes, refer to Section 3.7.3.1.



Revision 43—09/27/07 NAPS UFSAR 3.8-47
 

b. Sleeved - The basic sizing is the same as for the unsleeved penetrations, with the added
computations for the sleeve and the attachment to the plate.

Some of the penetration sleeves operate at temperatures above 150°F. Penetrations with
process fluids operating above 150°F have been analyzed using heat balance methodology
and conservation of energy to establish that the concrete surrounding the penetration does not
exceed the Construction Code allowables (200°F). These penetrations have also been
analyzed using strength of materials methodology to establish their structural adequacy at
temperatures up to the design temperature of the process fluid.

2. Mechanical system penetration - fuel transfer tube enclosure - The enclosure is designed for
external pressure using the technique described by ASME Code, Section III, 1968. The
largest external pressure is the containment test pressure.

The most critical parts of the enclosure, the bellows assemblies, are designed for the
maximum deflections expected between the two anchored ends. These deflections include
seismic, pressure, and thermal expansion effects. Experience has shown that bellows must be
selected on the basis of experiment as well as analysis. Consequently, the techniques were
derived from the manufacturers, combining deflections and conditions as defined in
Section 3.8.2.1.4.2.

3. Electrical penetrations - There are two main groupings of penetrations, from a gross
structural standpoint: the medium-voltage power (MVP) type, which have canister tubes, and
the LVP (containing low-voltage power, instrumentation, triax control), which do not have
canister tubes.

Stress analysis was performed on one MVP type and two LVP types, penetrations with center
feedthrough support plates, and those without support plates. Penetrations without support
plates were further broken down into categories based on feedthrough sheath size, for which
worst-case stresses were calculated. Design conditions were based on DBA pressure and
temperature.

The following information is HISTORICAL and is not intended or expected to be
updated for the life of the plant.

The thermal analysis of the pipe, attachment plate, and sleeve was done by a heat
balance computer code.

The analytical evaluation of the penetration discontinuities was done using the
computer code SHELL 1, a Stone & Webster proprietary computer program that analyzes
axisymmetric thin shells of revolution under symmetric and unsymmetric loading.

SHELL 1 was used to analyze the combined effects of pressure and temperature and
to determine the stresses.
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For purposes of seismic analysis, MVP types were treated as fixed-end, supported-end
beams, combining steady-state and seismic loads. LVP types were treated as uniformly
loaded, single-span, fixed-end beams. Each type was analyzed combining steady-state and
seismic loads. All stress levels were calculated on maximum load basis, even where qualified
for reduced loading.

Access Openings

Access openings were analyzed by the computer program SHELL 1, which includes the
effects of the concrete as well as containment pressure and temperature.

Insert Plates

Pipe supports are welded to the insert plates. The loads determined from the pipe system
analysis were manually transferred to the anchor studs for each insert plate. Table 3.8-7 gives the
anchor allowables for general liner conditions. These are also applied to the maximum anchor
stresses calculated for the insert plates.

The pipe supports, including the attachment point to the insert plates, were analyzed for
stresses along with the piping system, and are not included in the liner analysis.

Anchors

Anchors for the 3/8-inch and 0.5-inch liner plates are exposed to the following loading
conditions: (1) the containment is under vacuum, and this negative pressure times the pitch area of
influence of that stud is applied to the anchor as a tensile load; (2) the containment is under the
consequences of the design-basis accident with the studs at the lower edge of the liner subjected to
a shear load derived from the liner computer evaluation mentioned above. The stud anchors are
designed for both loading conditions. The resultant shear due to earthquake results in negligible
loads on the anchor studs.

Since the forces associated with the emergency condition are compressive, the anchor studs
are spaced throughout the liner wall and dome to prevent buckling. Pitch dimensions were
determined by the procedure set forth in the text by Timoshenko and Genes, Theory of Elastic
Stability, for a cylindrical shell under combined axial and uniform lateral pressure.

Compressive forces that tend to buckle the liner were obtained from the liner plate analysis
and were transformed into the axial load and lateral pressure required by the referenced text.

The following paragraphs describe the computer codes mentioned in this section.

Stress Analysis of Shells of Revolution (References 5 and 6)

This is a finite element computer code. It can be used to determine the forces, moments,
shears, displacements, rotations, and stresses in a thin shell of revolution subject to axisymmetric
loads. Different orthotropic material properties may be input for each element in a model. The
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allowed types of loading include internal pressure, temperature changes that may have a gradient
through the shell thickness, and simplified input for weight of the shell.

The explicit stiffness relations for the axisymmetric shell elements are based on the classical
theorem of potential energy and the usual approximations of thin-shell theory. The direct stiffness
method (a simple modification of the displacement method) is used to assemble the equilibrium
equations. The algorithm used to solve these equations is derived by applying the Gause-Jordan
method of elimination to a tridiagonal system of equations.

SHELL 1

This is a finite difference stress analysis computer code. It can be used to determine the
forces, moments, shears, displacements, rotations, and stresses in a thin shell of revolution subject
to arbitrary loads expanded in Fourier Series of up to 150 terms. Single-layer shells with up to 30
simply-connected branches may be analyzed. Poisson’s ratio may change at discontinuity points,
and Young’s modulus and the thermal coefficient of expansion may be different at each point. The
allowed types of loading include elastic restraints, pressures in three orthogonal directions,
temperature changes that may have a gradient through the shell thickness, and simplified input for
weight of the shell or earthquake forces.

The equilibrium equations for a thin shell are based on the linear theory of Sanders
(Reference 7). Sander’s equations are expanded and modified slightly to handle a broader range of
problems (References 8 & 9). All pertinent load, stress, and deformation variables are expanded
into Fourier Series. The individual Fourier components of stress and deflection are found
separately by solution of the finite difference forms of the appropriate differential equations. The
algorithm used to solve these equations is a minor modification of the Gaussian elimination
method.

3.8.2.1.4.6 Design Allowables - Liner Plate. The liner was designed to meet the allowables
presented in Table 3.8-7.

Penetrations

1. Piping system penetrations - Table 3.8-8 contains the allowables that were used for the
evaluation of the sleeved and unsleeved penetrations.

2. Mechanical system penetrations - fuel transfer tube enclosure - The outer sleeve of the fuel
transfer tube meets the external pressure requirements for thickness set by ASME Section III.
The bellows are designed to accommodate the maximum deflections calculated for the fuel
and reactor buildings at the tube attachment points.

3. Electrical penetrations - No stress levels were found to exceed the allowable 90% of yield
strength.
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Access Openings

The access openings are designed to meet the allowables presented in Table 3.8-7.

Insert Plates and Anchors

The stresses for the concrete anchors that are attached to both the liner plates and the insert
plates meet the allowables listed in Table 3.8-7.

3.8.2.1.4.7 Construction - Tolerances. The cylindrical portion of the liner is plumb within 1/300
of the height measured from an established vertical line extending up from the base of the liner.
The maximum plus or minus deviation of the containment shell from true circular form, measured
radially on the inside of the liner, does not exceed 3 inches. The maximum plus or minus deviation
of the containment dome from true spherical form, measured radially on the inside of the dome
liner, does not exceed 0.5% of the nominal radius.

The maximum deviation from true circular form measured between any two points
14 inches apart in a circumferential direction does not exceed 0.25 inch.

The maximum deviation from a straight line between any two adjacent points 14 inches
apart in the meridianal direction does not exceed 0.25 inch.

All measurements are taken on parent metal at least 12 inches from welds. Flat spots or
sharp angles were not allowed in curved surfaces.

Careful attention was given to the actual circumference of the shell, to ensure that all shell
rings mated properly. The tolerance of alignment of the liner plates is in accordance with
ASME III-1968, paragraph N-525.

The allowable deviation from true form does not affect the elastic stability of the
containment liner, because of the restraint provided by the studs that tie it to the
reinforced-concrete shell.

Materials

Ferritic materials for the reactor containment boundary were specified so that when the liner
is exposed to the emergency, test, normal, and upset conditions, the corresponding and resultant
stress level will be below the maximum stress level at this temperature permitted by the “CAT”
curve of the NRL Report 6900.

The liner materials are ASTM-A537-Gr. B (quenched and tempered) for the first four shell
rings (about 29 feet above the mat), and SA-516-Gr. 60 (fine-grain practice) for the remainder.
The SA-537-Gr. B has a specified minimum tensile strength of 80,000 psi, a minimum guaranteed
yield strength of 60,000 psi, and a guaranteed minimum elongation of 22% in a standard 2-inch
specimen.
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The SA-516-Gr. 60 has a specified minimum tensile strength of 60,000 psi, a minimum
guaranteed yield strength of 32,000 psi, and a guaranteed minimum elongation of 25% in a
standard 2-inch specimen. The material nil ductility transition temperature (NDTT) for both
materials was tested not to exceed -20°F. The plates of SA-516-Gr. 60 are heat treated for
improved notch toughness, and both materials are certified to the mechanical and chemical limits
specified in the ASME Code, Section II, 1968.

The liner plates conform with standard mill practice as given in ASTM-20 with regard to
thickness tolerance.

Ferritic steel items, except backing plates and anchors, gas-testing channels (formed shape),
and equipment hatch bolts and nuts, are made to fine-grain practice, and normalized, quenched,
and tempered to the appropriate material specification.

Testing

Ferritic steel items, except backing plates, anchors, gas-testing channels, and access hatch
bolts and nuts, are NDTT-tested in accordance with the following specifications to determine the
resistance capabilities of these steels toward embrittlement as the temperature of the steel drops.

1. Material 5/8-inch and thicker was tested by the drop weight test method in accordance with
ASTM E208.

2. Material less than 5/8-inch thick was tested in accordance with the ASTM proposed method
for drop weight tear tests of ferritic steels.

3. NDTT test data are available on certified documents only on material below 5/8-inch
thickness.

4. Plates from a given heat that were heat treated together have only one set of NDTT test data.

5. Plates from a given heat that are individually heat treated have one set of NDTT test data for
each plate.

6. Heat treatments of each plate or set of plates are described in detail and their NDTTs are
recorded on notarized documents submitted as part of the contract records.

7. Copies of temperature certification charts marked with the heat number and plate
identification are included with the above certified documents.

8. As part of the welding procedures, NDTT determinations are performed on the weld metal
and heat-affected zone for each different type of welding procedure used.

9. For all plate and piping materials, each individual piece is permanently marked for
identification and traceability to required documentation.

All welding procedures and tests required in Section IX of the ASME Boiler and Pressure
Vessel Code for Welding Qualifications are met in the selection of weld rod material, weld rod
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flux, heat treatment, the qualification of the welding procedures, and the performance of welding
machine and welding operators who are engaged in the construction of the containment liner. The
welding qualifications included 180-degree bend tests of weld material. These procedures ensure
that the ductility of welded seams is comparable to the ductility of the containment liner plate
material.

3.8.2.1.4.8 Liner Tests and Surveillance Programs. The containment leakage rate tests, both
preoperational and postoperational, are described fully in Section 6.2.1.4. The liner is also
involved in, but not a main feature of, the structural acceptance test described in Section 3.8.2.8.

3.8.2.2 Design Basis

The design of the containment structures is based on: (1) biological shielding requirements,
(2) the temperature and pressure generated by the design-basis accident (Section 15.4), (3) the
operational- and design-basis earthquake (Section 2.5), (4) severe weather phenomena, and
(5) the maximum power level of 2910 MWt. The design-basis accident was selected as the design
basis for the containment structure, since all other bases would result in lower temperatures and
pressures. The containment structure was also designed for the normal subatmospheric operating
conditions. Further, the containment structure is designed for a leakage rate not to exceed 0.1% of
the contained volume per day at 45 psig.

The operating air partial pressure for the containment is maintained in accordance with the
Technical Specifications, and varies from 9.0 to 11.1 psia (the upper value is dependent on
containment bulk air temperature). With about 0.5 psi additional water vapor partial pressure
(corresponding to an 80°F dewpoint), the resulting total containment operating pressure therefore
varies from approximately 9.5 to 11.6 psia. The average bulk air temperature of the containment
air fluctuates between a maximum temperature of 120°F and a minimum of 86°F during normal
operation, and 60°F during shutdown. The normal operating pressure was selected so that the
containment is accessible for inspection and minor maintenance during operation without
requiring containment pressurization.

3.8.2.2.1 Containment Structure Interior

The interior cubicles within the containment structure are designed and constructed to
withstand the localized pressure pulse effects of the energy released by the blowdown caused by a
double-ended rupture of a reactor coolant pipe. This rupture is assumed to be either in one of the
three steam generator cubicles, the pressurizer cubicle, or within the primary shielding. Since the
volume of each of these cubicles is less than the entire containment structure, initial differential
pressures are developed until the energy passes through cubicle vent spaces to the remaining
volume of the structure. All structural components, walls, floors, and beams enclosing these
cubicles are designed to withstand this differential pressure.
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The design of the structural components of the steam generator cubicles and primary
shielding is based on a load factor design similar to that used for the reactor containment shell.
The load capacity is adequate to resist:

(1.0 ±0.05) D + 1.0 R + 1.0 T + 1.0 P + 1.0 E

where:

D = dead load of structure and equipment

R = double-ended pipe rupture thrust on structure

T = load due to maximum temperature gradient through the concrete from increased 
temperatures resulting from the pipe rupture and pressure buildup

P = pressure buildup from the expansion of the fluid released from the ruptured pipe as a 
function of time

E = design-basis earthquake loading, with applicable damping factors from Table 3.7-1.

For design purposes, the maximum values of R and P are assumed to occur concurrently.

Allowable stresses for reinforced concrete are equal to the compressive strength of the
material times the applicable coefficient of reduction, as defined in Section 1504 of ACI 318-63.
For structural steel, the allowable stress is 0.9 times the guaranteed minimum yield strength. For
additional information on compressive strengths, see Section 3.8.1.5.

Within the primary shield area, the reactor vessel is supported on the steel neutron shield
tank, which transfers the vessel weight directly to the containment foundation mat. The neutron
shield tank will not be damaged by the design differential pressure of 130 psi within the primary
shield resulting from a design-basis accident, nor will resulting deflections impair the functioning
of the reactor supports, which are designed to withstand resulting reaction forces. The neutron
shield tank is grouted into and dependent on the reinforced-concrete primary shield cavity wall for
lateral support. This wall is designed for a differential pressure of 130 psi.

3.8.2.2.2 Containment Structure Exterior

The containment structure exterior is designed by ultimate strength methods conforming to
ACI 318-63, Part IV-B. Design load criteria based on ACI requirements and others given below
conform to current containment design practice. The combination of dead, pressure, temperature,
and earthquake or tornado loading expressed in the criteria contains varying load factors for
pressure, temperature, and earthquake forces. The total loading resulting from the summation of
any one of the combinations will cause a maximum stress condition, depending on the type of
stress and member under consideration.
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Loads imposed on the containment shell include:

1. Dead load.

2. DBA pressure.

3. Temperature rise in liner associated with the design-basis accident.

4. Normal operating temperature gradients.

5. Earthquake.

6. Wind loads, including tornado winds.

Loads imposed on the containment mat include

1. Weight of mat and interior structures during construction.

2. Dead load for complete structure.

3. Dead load, and DBA pressure and liner loads.

4. Dead load, DBA pressure, liner loads, and earthquake.

5. Dead load and earthquake.

The ultimate load capacity of the containment structure as modified by the safety provisions
of ACI 318-63, Section 1504, which requires the application of varying reduction factors for
different types of stress, is not less than that required to satisfy the structural loading criteria
tabulated in Table 3.8-9.

Buoyancy caused by ground water does not control the design. Normal wind forces, as
obtained from ASCE Paper No. 3269, Wind Forces on Structures, do not control the design. For a
description of wind loading, see Section 3.3.

The seismic design coefficients and critical damping factors used in the design of the
reactor containment structure are given in Section 3.7.2. The response spectra curves are included
in Section 2.5. The earthquake loads include the effects of horizontal acceleration, vertical
acceleration, or a combination of both where the effects, as measured by the stresses resulting
from the separate acceleration components, of horizontal and vertical ground accelerations are
combined algebraically to produce maximum stress intensities, taking into account any potential
adverse effect due to phase of the separate accelerations.

The load capacity of tension members is based on the guaranteed minimum yield strength
of the reinforcing steel. Load capacities of flexural and compression members are first determined
in accordance with the Building Code Requirements for Reinforced Concrete, ACI 318. The load
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capacity so determined was decreased by a reduction factor multiplier, “Ø,” to compensate further
for small adverse variations in material and workmanship. The reduction factors are:

Tension and flexure 0.90

Diagonal tension, bond, and anchorage 0.85

The load capacity reduction factor for stresses in concrete produced by tornado-carried
missiles, in combination with other tornado-produced stresses as given in Table 3.8-9, is 0.75.

The dominant design load is the 45-psi design-basis accident pressure, which creates major
tensile membrane stresses in the reinforcing steel, coincident with moments at the junction of the
containment wall and mat.

The design tornado wind loading and pressure criteria are stated in Section 3.3.

Since the DBA pressure load is greater than the negative pressure load of tornadoes, the
containment structure is able to maintain its integrity should a tornado strike the structure.

The containment design is checked by calculating stress levels in the structural components
due to design loads, using elastic straight-line theory.

Missile protection criteria and the criteria for protection against dynamic effects associated
with a LOCA are discussed in Sections 3.5 and 3.6, respectively.

3.8.2.3 Codes and Specifications

In general, the same codes and specifications discussed in Section 3.8.1 were also used for
the containment structures. Some modifications of load factors and allowable stress were required
because of the unique containment structural loading combinations, and these are incorporated in
the discussion of analytical techniques (see Section 3.8.2.5).

See Section 3.8.2.9.1 for the description of the codes and specifications used for the Reactor
Pressure Vessel Head Replacement Project.

3.8.2.4 Structural Loading Combinations

Information regarding structural loading combinations is incorporated in the discussion of
analytical techniques.

3.8.2.5 Static Analysis

The containment structure was designed for the loading conditions with appropriate load
factors given in Section 3.8.2.2. Since the containment superstructure is a thin shell composed of a
cylindrical section capped by a hemisphere, membrane stresses induced by pressure and thermal
loads were calculated by traditional shell formulas. The base moment and shear at the cylinder
wall foundation mat junction were calculated as a part of the mat analysis. For this analysis, the
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containment pressure loads, the stiffnesses of the containment wall and internal structures
connected to the mat, the dead loads, and the characteristics of the mat supporting rock were used.

In the membrane portion of the shell, i.e., the areas not in the influence of the bending
moments due to the discontinuities of the mat-cylinder and the dome-cylinder intersections, the
pressure applied to the containment was the factored DBA pressure plus an equivalent pressure,
which is the force exerted by the liner as it is heated. Under the DBA conditions, it was assumed
that the temperature rise is sudden, and all of the DBA temperature rise occurs in the liner, the
concrete shell remaining at the operating temperature.

The procedure used for computing the stresses due to the DBA thermal load and pressure is

Let Avi, Avo be areas of reinforcement in the vertical direction on the inner and
outer faces, respectively.

Ahi, Aho be areas of reinforcement in the hoop direction on the inner and
outer faces, respectively.

Alh, Alv be the areas of the liner plate in the hoop and vertical direction,
respectively.

Rl be the radius to the center of the liner plate from the center of the
containment.

Rhi, Rho be the radii from the center of the shell to the centers of inner and
outer hoop reinforcement, respectively.

Rvi, R vo be the radii from the center of the shell to the centers of inner and
outer vertical reinforcement, respectively.

σlh, σlv be the stresses in the liner plate in the hoop and vertical directions,
respectively.

σvi, σvo be the stresses in the vertical reinforcing steel in the inner and outer
faces, respectively.

σhi, σho be the stresses in the hoop reinforcing steel in the inner and outer
faces, respectively.

E be the modulus of elasticity of steel.

P be the design pressure inside the containment due to the
design-basis accident.

ΔT be the temperature rise in the liner plate due to the design-basis
accident.
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α be the thermal coefficient of expansion of liner plate.

ν be Poisson’s ratio for steel.

w be the weight of containment shell per unit circumference at the
elevation under consideration.

From compatibility of displacements:

Radial displacement of liner = radial displacement of outer hoop steel:

or (3.8-1)

Radial displacement of outer hoop steel = radial displacement of inner hoop steel:

or (3.8-2)

From compatibility of strains:

Vertical strain of liner plate = vertical strain of inner vertical steel

or (3.8-3)

Vertical strain of inner vertical steel = vertical strain of outer vertical steel

or (3.8-4)

From equilibrium of forces:

Alh σlh + Ahi σhi + Aho σho = pR1 (3.8-5)

Alv σlv + Avi σvi + Avo σvo =  - W (3.8-6)

From the preceding six equations, the different unknown stresses were evaluated. From the
stress in the liner, the equivalent pressure on the concrete shell was calculated.

At the junction of the mat and the shell, it was assumed that the compressive strain in the
liner plate is equal to αΔT. This compressive strain in the liner plate was converted into equivalent
pressure on the concrete shell. This equivalent pressure was added to the DBA pressure in
calculating the radial displacement of the containment shell, for use in the mat analysis.

The containment mat was analyzed by a computer program that has the capability to
calculate bending moments, shears, and soil pressures for a symmetrically loaded circular plate on
an elastic foundation. The general method used is described in Practical Methods for Analysis of
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Beams and Plates on Elastic Foundations, by Boris N. Zhomochkin, which is for a plate on a
semi-infinite elastic half space. This method is an adaptation of the Boussinesq approach.

The cylindrical containment wall, crane wall, and primary shield wall are elastically fixed to
the mat and therefore produce discontinuity moments and shears that are applied to the mat as
external forces. The magnitudes of the discontinuity forces were determined by enforcing
compatibility conditions at the wall/mat interfaces. For the purpose of calculating the
discontinuity forces at the base, the containment cylinder was assumed to be completely cracked
vertically, and cracked horizontally to the neutral axis of the transformed section. The
containment, therefore, has the hoop stiffness of the circumferential rebars and the meridianal
bending stiffness of the transformed section.

The crane wall and reactor support have stiffnesses as calculated by Equations 279 and 280
of Reference 11. The discontinuity forces (base moments and shears) calculated as a part of the
mat solution were applied to the end of the shell. Using the solution for a long cylinder, the
variation of moment and shear with increasing elevation was computed.

The mat was analyzed for the effects of seismic loads using a finite difference computer
program. The loads, which are applied to the mat antisymmetrically, are the result of overturning
moments in the containment and internals.

3.8.2.5.1 Diagonal Reinforcing for Earthquake

Seismic analysis provided the accelerations that the containment would receive during an
earthquake. These accelerations were applied as a static load to the containment, and it was
analyzed for forces by a finite difference computer program. The tangential shears caused by the
earthquake load are resisted by both the concrete and diagonal reinforcing. The concrete was
assumed to have a shear resistance of 60 psi. Diagonal reinforcement, as shown in Figure 3.8-6, is
provided for shear in excess of the 60 psi allowable; also, some diagonal reinforcement was
continued to the dome/cylinder intersection. In calculating the steel requirement, compatible
strains were considered, so that the effect of pressure-induced stresses was included; it was
assumed that the liner does not provide any shear resistance.

3.8.2.5.2 Tornado Loading

Wind pressure was assumed to be distributed over the containment dome in accordance with
the methods given by Gondikas and Salvadori (Reference 11). This method provides for the
discontinuity stresses at the junction of the dome and cylinder. Wind pressure was assumed to be
distributed over the containment cylindrical shell in accordance with ASCE Paper No. 3269. With
this approach, a statically indeterminate circular ring of unit width was analyzed for a varying
wind load resisted by tangential shear. This produces bending moment, axial load, and shear
around the ring.

No torsional loading from tornado was investigated, since the necessary friction or surface
drag was considered to be negligible. Overturning of the structure due to tornado is not a factor,
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because the dead load of the structure is sufficient to overcome the wind force. The equivalent
static force of wind was obtained from formulas in the ASCE Paper No. 3269 referred to in
Section 3.3.

3.8.2.5.3 Scaled Load Plots

Figures 3.8-16 through 3.8-18 are scaled load plots of moment, shear, and membrane forces
for the containment structure under the design loading conditions.

Earthquake forces in the mat are shown separately from those forces that are
pressure-induced. Tornado forces in the containment are shown separately from the operating
condition. Operating temperature effects are not shown on the plots, but are considered in the
design. Compression forces are plotted as negative values. Moments are plotted to the tension
side. Load plot nomenclature is given in Figure 3.8-17.

Containment structure dynamic analysis is discussed in Section 3.7.2.

3.8.2.6 Design Methods and Allowable Stress

3.8.2.6.1 General

Information regarding general design methods and allowable stress has been incorporated in
the discussion of analytical techniques (Section 3.8.2.5).

3.8.2.6.2 Penetrations

Penetrations through the exterior walls of the containment structure are divided into the
following three categories:

1. Pipe penetrations 9 inches in diameter or less - No special structural reinforcing is provided
for these penetrations.

Penetrations in this category are located to avoid interference with the reinforcing steel.

2. Pipe penetrations greater than 9 inches and up to 3 ft. 9 in. in diameter - Supplementary
reinforcement is provided for these penetrations in amount and distribution such that area
requirements for reinforcement are satisfied.

At all these penetrations, reinforcing steel interrupted by the openings was terminated at each
side of the opening. Supplementary reinforcing was placed parallel to the interrupted bars to
provide bar continuity. Horizontal, diagonal, and vertical bars were used to effectively frame
the opening. The total area of reinforcement provided in any plane is not less than twice the
area of steel interrupted or cut by the opening, with one-half of this placed on each side of the
opening.

Anchorage of this additional reinforcement is determined by using a conservative bond stress
of 75% of that allowed by ACI-318, to provide 90% of the guaranteed minimum yield
strength of the added rebar. This design approach is consistent with the practice used and
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pressure-tested at the Connecticut Yankee facility at Haddam Neck, Connecticut, Units 1
and 2 of the Surry Power Station at Surry, Virginia, and the Maine Yankee facility at
Wiscasset, Maine.

3. Openings larger than 3 ft. 9 in. in diameter - The two openings in this category are the 7 ft.
0 in. diameter personnel access hatch and the 14 ft. 6 in. diameter equipment access hatch.
Details of the additional reinforcement provided around the equipment access hatch and
personnel access hatch are shown on Figures 3.8-19 through 3.8-22.

These penetrations are analyzed by means of computer programs using the finite element
method. These programs, because they maintain compatibility between the ring beam and
cylinder wall, are used to supplement Stone & Webster’s computer program, Nuclear
Containment Structure Access Opening, which analyzes, by the method of virtual work, an
isolated, doubly-curved beam (Reference 12).

The equipment hatch opening (14.5-foot i.d.) is analyzed using a computer program based
upon the Ph.D thesis (June 1968) by C. A. Prato entitled, A Mixed Finite Element Method for
Thin Shell Analysis. The personnel hatch opening (7-ft. 1-in. i.d.), which has a projecting ring
on the outside of the wall, is analyzed by using the three-dimensional finite element
capability of STRUDL, since this program could more accurately investigate an eccentric
ring beam. Results from both these programs were compared with the Stone & Webster
computer program.

To obtain more meaningful results, the ring beam and cylinder wall for both hatches are
assumed to be cracked, and to have the extensional stiffness of the reinforcing bars only. The
analyses show that sizeable tangential (in plane) shears exist in the wall near the ring beam.
These shears are resisted by special reinforcing bars placed parallel to the typical earthquake
shear bars.

The ring beam is designed to resist the axial tension and shears resulting from the loading
criteria listed in Section 3.8.2.2. The axial tension is assumed to be resisted by the
reinforcing bars only. The shears, including torsional shear, are resisted entirely by stirrups
placed radially around the penetrations.

In effect, any concrete resistance to tension and shear is neglected. The principal
circumferential and meridianal reinforcing bars, as designed, are extended to the inner face
of the ring beam, hooked 90 degrees, and Cadwelded to each other, thereby providing
additional shear resistance to that provided in the design.

The normal pattern of membrane forces (meridianal and circumferential) in the containment
wall is disrupted in the region of the hatch openings. The redistribution of these forces is
provided by the finite element computer programs and extra reinforcement added to areas of
marked deviation from the normal pattern.
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3.8.2.7 Construction Materials

See Section 3.8.2.9 for the description of the construction materials used for the Reactor
Pressure Vessel Head Replacement Project.

3.8.2.7.1 Concrete

The discussion of concrete (Section 3.8.1.5.1) applies as well to the concrete placed in the
containment structure. See Section 3.8.2.9 for the description of the concrete used for the Reactor
Pressure Vessel Head Replacement Project. No differentiation was made in the parameters for
concrete for Seismic Class I structures relative to the particular Seismic Class I structure in which
this material was placed, except for placement procedures.

3.8.2.7.2 Reinforcing Steel

The discussion of reinforcing steel (Section 3.8.1.5.2) applies as well to the steel placed in
the containment structure. See Section 3.8.2.9 for the description of the reinforcing steel used for
the Reactor Pressure Vessel Head Replacement Project. No differentiation was made in the
parameters for reinforcing steel for Seismic Class I structures relative to the particular Seismic
Class I structure in which this material was placed, except for the limited amount of Grade 60
used in containment interior walls only.

3.8.2.7.3 Cadwelds

The discussion of Cadwelds (Section 3.8.1.5.3) applies as well to the Cadwelds placed in
the containment structure. See Section 3.8.2.9 for the description of Cadwelds, including operator
qualification and tensile testing, used for the Reactor Pressure Vessel Head Replacement Project.
No differentiation was made in the parameters for Cadwelds for Seismic Class I structures relative
to the particular Seismic Class I structure in which this material was placed.

3.8.2.7.4 Porous Concrete

Porous concrete is used under the base mat to provide drainage for the containment
structure, as discussed in Sections 3.8.2.1.2 and 3.8.2.1.3. This type of concrete is formed by the
omission of the fine aggregate from a standard structural concrete mix. The mix is designed to
have a 28-day compressive strength greater than 1000 psi.

Water porosity tests were performed earlier in an independent laboratory for porous
concrete, using 6-inch by 12-inch cylinders prepared in the laboratory by compacting the material
in three layers with standard tamping rods. A varying number of strokes, ranging from 10 to 40
for each layer, were used for different cylinders. After the concrete test cylinders had been
properly cured, the amount of water that would flow through the 12-inch length of specimen
during a 3-minute period with a constant head of 4 inches of water above the top of each cylinder
was determined. Results indicated water porosities of from 28 to 47 gpm/ft2, depending upon the
amount of compaction and resulting density of the cylinders.



Revision 43—09/27/07 NAPS UFSAR 3.8-62
 

3.8.2.7.5 Waterproof Membrane

The waterproof membrane is used to envelope the containment and exterior walls for
ground-water corrosion protection, as discussed in Sections 3.8.2.1.2 and 3.8.2.1.3. The
waterproof membrane is a flexible polyvinyl chloride sheet with a minimum thickness of 40 mils.
Adhesives and tapes are the manufacturer’s recommended material for the application conditions.

Field splices have a minimum 2-inch lap at all joints. Adhesive was applied to both surfaces
at each joint, and coated areas were then pressed together with a roller. Joints were inspected
1 hour later, and any loose edges were recoated and rerolled. At joints between horizontal and
vertical sheets of membrane, an L-shaped piece was used to close the joint, with adhesives applied
in the manner previously described. Vertical sheets were terminated 6 inches below ground grade,
with a continuous Nob-Lock Termination strip embedded in the concrete.

3.8.2.7.6 Protective Coatings (Paints)

3.8.2.7.6.1 Inside Containment Coating Applications

3.8.2.7.6.1.1 General. Protective coatings for exposed concrete and carbon steel surfaces within
the containment liner boundary are required for corrosion mitigation, and to obtain a relatively
impervious film on permanent surfaces that is decontaminable in the event of accidental spillage
of radioactive fluids. It is also necessary that protective coatings remain intact if subjected to the
environment associated with postulated LOCAs. Assurance that proposed protective coating
systems would meet this additional requirement was obtained by exposing test panels to a
simulated environment representative of the design-basis accident.

3.8.2.7.6.1.2 Construction Phase. 

3.8.2.7.6.1.2.1 Test Panels. Test panels representative of all major surfaces within the
containment liner boundary were prepared with the proposed coating system. Surface preparation
and coating application was performed by Stone & Webster Engineering Corporation construction
personnel and inspected by its field quality control organization. The American National
Standards Institute, Inc., (ANSI) standard entitled, Quality Assurance for Protective Coatings
Applied to Nuclear Facilities, ANSI N101.4, provided the basis for the quality assurance criteria.

3.8.2.7.6.1.2.2 Testing. Simulated DBA environment testing was performed by an independent
testing laboratory. The test consisted of subjecting all test panels to the temperature, pressure, and
radiation levels experienced during the first 7 days of the design-basis accident while partially
immersed in, and sprayed with, a solution identical in chemistry to that provided by the
recirculation spray subsystem. The ANSI standard entitled, Protective Coatings for Light Water
Nuclear Reactor Containment Facilities, ANSI N101.2 provided the basis for the test program
criteria. The test duration was selected to envelop the most severe temperature, pressure, and
radiation levels, which occur during the first hour after the design-basis accident, and to continue
the lower levels of these exposures, which occur after this period, for an additional 167 hours.
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3.8.2.7.6.1.2.3 Test Results. A report on simulated DBA environment test results was prepared
(see Appendix 3D).

This report includes the following:

1. A description of test panel coating systems and testing criteria.

2. A description of the test apparatus and procedures.

3. Performance evaluations of each coating system in terms of:

a. Flaking by ASTM D772.

b. Blistering by ASTM D714.

c. Chalking by ASTM D659.

d. Delamination, peeling, or any other changes associated with the release of an individual
coat or all coats from the substrate.

e. Photographs of test panels before and after testing.

3.8.2.7.6.1.2.4 Application - Coatings by Stone & Webster. The  s t ab i l i ty  o f  con ta inment
coatings in the event of a LOCA is documented in Appendix 3D. A description of the qualified
coatings that were specified for the containment interior painting is given in Table 3.8-10.

The temperatures of the ambient air and of the substrate was maintained within the limits
established by the coating manufacturer until the time-to-recoat period had elapsed. The
time-to-recoat period was similarly established by the coating manufacturer. During this period,
adequate ventilation was provided to permit proper solvent release and removal.

The extent to which unqualified coatings were used for containment interior painting during
construction is given in Table 3.8-11. Approximately 8140 ft2 of unqualified coating applied by
Virginia Power are on the containment ring duct. The ring duct and supports are covered by a
stainless steel wire mesh designed to contain coating particles greater than 120 mils in size which
may separate from the ductwork under post LOCA conditions. Therefore, the coating is not
considered to be a source for debris for sump blockage.

3.8.2.7.6.1.2.5 Operations Phase. The preceding discussion pertains to the coating systems
originally used within the reactor containment. NAS 3000, Specification for Inside Containment
Protective Coatings, specifies the coating systems to be used and the application requirements to
be followed during any post-construction in-containment coating application. This specification
applies to the maintenance of existing coating and the application of coating on new uncoated
components or structures. All coatings specified for use meet the technical performance
requirements for simulated DBA testing set forth in ANSI N101.2-72, Protective Coatings
(Paints) for Light Water Nuclear Reactor Containment Facilities. Coatings selected for future use
were DBA tested to determine acceptability. Refer to Reference 35. Once qualification was
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determined, surface preparation and application procedures were developed for each coating
material.

3.8.2.7.6.2 Vendor Supplied Coating of Components for Installation Inside Containment  

3.8.2.7.6.2.1 General. Protective Coating for components installed inside the containment are
required for two purposes: to provide corrosion protection for steel surfaces and to provide a more
easily decontaminable surface. It is essential that the coating integrity remain in place in order not
to adversely impact post-accident containment sump performance.

3.8.2.7.6.2.2 Construction Phase. Vendor coatings on components installed inside the
containment during the construction phase met one of the following criteria: the vendor provided
documentation that the coating system was qualified for DBA environmental conditions, the
coating system was qualified by NAPS qualification testing, the component was primed by the
vendor and top coated on site in accordance with NAS-1016, Application of Protective Materials
within the Containment, or an unqualified coating system was judged to be the best available (e.g.,
post manufacturing stripping and repainting was not sensible due to the potential risk to
component performance, the relatively small coated surface area involved and the high quality of
the coating system used).

3.8.2.7.6.2.3 Operations Phase. Coated components supplied by vendors to be installed inside
the containment are purchased for both design change and maintenance use. Coated components
for design change installation inside containment are purchased to meet or exceed the original
requirements discussed above. Coating by the vendor of replacement components or refurbished
components to be installed inside the containment are purchased to meet or exceed the coating
requirements of the original procurement specification.

3.8.2.7.7 Compressible Material

A unique compressible material is used around the containment structure, between the
exterior wall and concrete backfill, to maintain isolation. This compressible material is
Rodofoam, soft grade No. 300, as manufactured by Electrovert, Inc. It is a polyvinyl chloride
plastic that requires a force of 2 to 5 psi to compress elastically to 75% of its original thickness,
and a force of 13 to 16 psi to compress elastically to 50% of its original thickness. These elastic
properties ensure that structural response of the containment during the structural acceptance test
will be unrestrained by the concrete backfill and will therefore be representative of the DBA
design parameters. Additionally, these properties ensure that structural response of the
containment during seismic events will be representative of the OBE and DBE design parameters.

3.8.2.7.8 Concrete Backfill

Concrete backfill is used to support the wall of the containment rock excavation from
postconstruction surcharge loads, as discussed in Section 3.8.2.1.2. The mix is designed to have a
28-day compressive strength greater than 1000 psi. Concrete backfill was placed in horizontal
layers of approximately 12 inches, and at a vertical rate not to exceed 1 ft/hr. These controls
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ensured minimal precompression of the compressible material due to hydraulic pressure.
Additionally, backfill concrete was rodded in place and not vibrated. These additional controls
were to prevent damage to the compressible material and/or the waterproof membrane during
placement.

3.8.2.8 Structural Testing and Surveillance

3.8.2.8.1 Structural Acceptance Test

3.8.2.8.1.1 General. The structural acceptance test for the containment structures equalled or
exceeded the requirements of Safety Guide 18, Structural Acceptance Test for Concrete Primary
Reactor Containments, U.S. Atomic Energy Commission, dated October 27, 1971, pertaining to
nonprototype containments.

3.8.2.8.1.2 Pressure Cycles. The completed containments were tested for structural integrity by
an air pressure test with a maximum pressure of 52 psig, which is 115% of the design pressure.
The levels of the pressurization and depressurization cycles were atmospheric, 13 psig, 26 psig,
39 psig, and 52 psig. Deflections, strains, and cracks were observed and recorded at each level of
each cycle after that level was maintained for a minimum of 1 hour.

3.8.2.8.1.3 Deflections. Radial deflections of the containment wall, with respect to the
containment horizontal centerlines, were measured at each of the following approximate
locations:

1. 13 ft. 6 in. up from the top of the mat, at midheight, and at the springline of the dome, each of
these three points being measured on six equally spaced meridians, 18 locations total.

2. At the equipment hatch along its horizontal and vertical axes, at distances of R, 2R, and 2.5R,
12 locations total.

Vertical deflections of the containment dome were measured at each of the following
approximate locations:

1. At the springline on six equally spaced meridians, six locations total.

2. At the apex.

3.8.2.8.1.4 Strains. Strains in the containment liner wall were measured to determine principal
stress in the liner plate at locations of typical wall response.

3.8.2.8.1.5 Cracks. Crack patterns were mapped during the pressurization cycle on containment
wall at each of the following locations:

1. At the mat/wall intersection, at midheight, and at the springline of the dome.

2. At one quadrant of the equipment hatch.

Areas that were mapped were observed before, during, and after the test, and cracks
exceeding 0.01 inch were recorded.
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3.8.2.8.1.6 Environmental Conditions. The daily average temperature was recorded inside and
outside the containment for 1 week prior to the test. During the test, atmospheric temperature,
pressure, and humidity inside and outside the containment were continuously monitored, and
recorded at hourly intervals. There were no extreme weather conditions during the test.

3.8.2.8.1.7 Predicted Response. The predicted response of the containments at the 52-psig
maximum test pressure was as follows:

1. Radial deflection of wall, generally +0.75 in.

2. Radial deflection of wall at equipment hatch, +0.75 in.

3. Vertical deflection of dome at springline, +0.6 in.

4. Vertical deflection of dome at apex, +1.0 in.

5. Width of a new crack or increase in an existing crack, 0.03 in.

The basis for these predicted responses was an elastic analysis of the behavior of the
containment under the maximum test pressure.

3.8.2.8.1.8 Test Results. Containment structural acceptance test results are documented in
reports written and furnished by Stone & Webster for Unit 1 in 1977 and for Unit 2 in 1979.

3.8.2.9 Reactor Pressure Vessel Head Replacement Project

The Reactor Pressure Vessel (RPV) Head Replacement Project created and restored a
construction opening in the reactor containment structure in accordance with administrative
procedures and the design control program. The opening was used to facilitate the movement of
original and replacement RPV heads in and out of the reactor containment structure. The opening
was restored to meet the original design bases of the containment structure.

3.8.2.9.1 Codes and Specifications

ACI 318-63 is the design code for the restored containment structure. The restored structure
meets all applicable design loads and load combinations required by ACI 318-63.

Concrete placement, curing, and repair were in accordance with ACI 301-99 with the
incorporation of Cold Weather Concreting per ACI 306.1/ACI 306R, as appropriate. The use of
ACI 301-99 is in accordance with Section 2.2 of ANSI N45.2.5-74.

Concrete mix proportioning was per ACI 211.1-91 (reapproved 1997) in accordance with
Table A of ANSI N45.2.5-74.

Bechtel specifications (References 40-47) address:

• reinforcing steel procurement, testing, and placement

• Cadweld reinforcing steel splices procurement, testing, and installation
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• concrete mix design, testing, and placement

• structural steel and materials

3.8.2.9.2 Liner Restoration

The cut section of the containment liner plate was rewelded to the liner plate with a full
penetration weld. The weld was tested to ensure no leakage. In addition, the full penetration weld
was covered by a seal welded leak chase channel to facilitate testing.

Replacement material was purchased for the liner plate, Nelson studs, and leak chase
channels. The Nelson studs, and leak chase channels were used for reinstallation of the plate and
the leak chase channel system. Reference 47 requires the liner plate material to be
ASTM A-516-Grade 60 (or better), fine-grained and normalized.

3.8.2.9.3 Reinforcing Steel Restoration

The reinforcing steel bars cut during the creation of the opening were re-installed using
Cadweld splices or welding, as required, in accordance with References 43, 44, and 48.
Reinforcing steel bars that were damaged during the creation of the opening were repaired in
accordance with References 42 and 48 or were replaced with reinforcing steel procured in
accordance with Reference 41. New N14 and N18 reinforcing steel used for containment wall
restoration conforms to either ASTM A615 Grade 60 and/or ASTM A706 Grade 60, and meets
the additional elongation and chemical composition requirements described in Section 3.8.1.5.2.1
for the containment structure existing reinforcing steel.

In-process  tes t ing of  Cadweld  sp l ices  was  done  in  accordance  wi th  Sub
subparagraph CC-4333.5.2 of ASME B&PVC Section III Division 2, 1995 Edition with 1996
Addenda. This differs from the testing protocol, based on Safety Guide No. 10, that was used
during the original construction (described in Section 3A.9). It also differs from (Section 4.9.3 of)
ANSI N45.2.5-74, the quality standard used by Dominion during the plant operational phase.
Additional differences relative to ANSI N45.2.5-74 are as follows:

• Splice System Qualification: Per subparagraph CC-4333.2 of ASME B&PVC Section III
Division 2 (1995 Edition, 1996 Addenda)

• Operator Qualification: Per subparagraph CC-4333.4 of ASME B&PVC Section III
Division 2 (1995 Edition, 1996 Addenda) instead of Section 4.9.1 of ANSI N45.2.5-74

• Testing Frequency: Per sub subparagraph CC-4333.5.3 of ASME B&PVC Section III
Division 2 (1995 Edition, 1996 Addenda) instead of Section 4.9.4 of ANSI N45.2.5-74

Dominion’s Operational Quality Assurance Program Topical Report was revised to reflect
the above exceptions of ANSI N45.2.5-74.
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To minimize the size of the construction opening, the Cadweld splice locations were not
staggered as described in Section 3.8.2.1.2.4. Section 805 of ACI 318-63 does not require
staggered Cadweld splices if the splice can develop in tension at least 125 percent of the specified
yield strength of the reinforcing steel bar. The minimum acceptance criteria for the Cadweld
splice testing in Reference 44 is that the minimum tensile strength of each sample tested shall be
equal to or exceed 125 percent of the yield strength of the reinforcing steel bar. Also, the splicing
scheme for the RPV Head Replacement Project construction opening is similar to that used during
the closure of the original construction opening.

3.8.2.9.4 Construction Restoration

As discussed in Dominion’s Operational Quality Assurance Program Topical Report
commits to ANSI N45.2.5-74 (with clarifications) for satisfying the quality assurance
requirements for installation, inspection, and testing of structural concrete during the operational
phase of North Anna Power Station. Section 2.2 of ANSI N45.2.5-74 requires that the
installation, inspection, and test activities be performed in accordance with the latest codes.
Tables A and B of ANSI N45.2.5-74 provide the requirements for the qualification and in-process
testing of the concrete ingredients and concrete mix.

The concrete was replaced and the restored structure tested in accordance with ASME
B&PVC Section XI, Articles IWL 4000 and IWL 5000, respectively. In accordance with the
guidance of Table A of ANSI N45.2.5-74 concrete mix design is based on ACI 211.1-91
(reapproved 1997). The activities associated with placement of concrete were performed in
accordance with References 40 and 46, which meet the requirements of ACI 301 and
ANSI N45.2.5-74. In-process sampling, testing, and acceptance requirements for all repair
material were in accordance with Table B of ANSI N45.2.5-74. Reference 40 provides the testing
frequencies, sampling and testing standards, and acceptance criteria for concrete ingredients and
concrete mix. The concrete had a minimum 5-day strength of 3000 psi.

The water used for concrete mix was evaluated in accordance with the requirements of
AASHTO T-26, as specified in Table A of ANSI N45.2.5-74. The water testing and acceptance
criteria included in Reference 40 required that the water used during the restoration was free of
harmful levels of contaminants.

The cement used in the new concrete was Type II Low Alkali (as defined in ASTM C 150).

Test results for the cement chemical composition for Unit 1 and Unit 2 indicated that the
Tricalcium Aluminate (C3A) content is 1% higher than the specified amount. However, an
engineering evaluation concluded that the cement is acceptable and that the C3A content will have
no adverse effect on the quality of the concrete. The conclusion is based on an assessment of the
heat-of-hydration and the service environment that is not subject to sulfate attack.

For the RPV Head Replacement Project, the restoration of the containment wall used
smaller coarse aggregate, size 57 (25 mm to 4.75 mm) because of the limited size of the opening



Revision 43—09/27/07 NAPS UFSAR 3.8-69
 

and due to the use of pour ports/bird mouths for concrete placement. Both fine and coarse
aggregates were tested in accordance with the requirements of ANSI N45.2.5-74 to ensure
acceptable physical characteristics and that they were free of harmful levels of alkali reactivity
and deleterious substances (acceptance criteria are defined in ASTM C 33).

Test results for the fine aggregate for Unit 1 and Unit 2 indicated that it was slightly outside
the acceptance threshold. An engineering evaluation concluded that the fine aggregate is
acceptable for use. The conclusion is based on an assessment of the mitigating effect of low alkali
cement and the documented long-term service record of the fine aggregate; and that the concrete
will not be subject to extended periods of saturation, the kind experienced by water-front and
intake structures, which can aggravate the problem of aggregate reactivity. Also, the restored
portion of the wall is not in contact with soil and the climate at North Anna does not cause an
extended exposure to a humid atmosphere.

Admixtures used to modify the concrete mix properties met the requirements of ASTM
standards and were used in accordance with the manufacturer’s written procedures and applicable
ACI standards (primarily ACI 211.1-91 (reapproved 1997) for mixing and ACI 301-99 for
placement). Reference 45 prohibited the use of admixtures with chlorides. Uniformity of
admixture lots was verified with Infrared Spectrophotometry in accordance with Table B of
ANSI N45.2.5-74.

In its ready mix state, the new concrete had an air content of 4.5% (±1.5%) at the point of
placement. This is consistent with Table 6.3.3 of ACI 211.1-91 (reapproved 1997) for the
maximum aggregate size being used in the concrete mix (1" for Size No. 57 coarse aggregate) and
air-entrained concrete.

The slump of the concrete in its ready mix state, without admixtures, was between 2 and
4 inches in accordance with the recommended values in Table 6.3.1 of ACI 211.1-91 (reapproved
1997). For admixture-treated concrete, the slump was between 2.5 and 8 inches based on the
footnote to Table 6.3.1 of ACI 211.1-91 (reapproved 1997), which approves higher concrete
slump when chemical admixtures are used provided that there are no signs of segregation or
excessive bleeding.

3.8.2.9.5 Post Modification Testing

The nondestructive examination of the containment liner was in accordance with Safety
Guide 19, Nondestructive Examination of Primary Containment Liners with the following
changes: after vacuum box testing of the liner seam weld and installation of the channel, the
channel to liner weld was tested by a static pressure test (decay test) with an acceptance criteria of
zero leakage. Soap bubble testing was used to identify leakage. Leaking areas of the joint were
repaired and retested. In addition, following the containment building pressure test, the channel
was re-pressurized and an “as-found” LLRT, meeting ANS 56.8-1994 requirements, was
performed.
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Prior to placing the containment structure in-service, a containment pressure test that
bounds the calculated peak containment internal pressure was performed in accordance with IWL
Article 5000 of the ASME B&PVC Section XI. The surface of the replacement concrete at the
temporary construction opening was examined in accordance with IWL-5250 prior to
pressurization, at test pressure, and following completion of pressurization.

3.8.3 Main Dam

3.8.3.1 Description of Dam

Lake Anna is impounded by a dam designed and constructed to meet all requirements for a
Seismic Class I structure. The dam is located approximately 5 miles downstream of the power
station. This dam, which has a crest length of approximately 5200 feet and a maximum height
above bedrock of 95 feet, consists of a central concrete spillway structure equipped with three
radial gates, flanked on either side by an earth-fill embankment dam section, as illustrated on
Figure 3.8-23. The spillway is founded on bedrock, which at this location is a hard, crystalline
gneiss. Foliation of the rock strikes approximately parallel to the dam axis and dips upstream
steeply. The earth dam embankment sections are founded on bedrock for about 300 feet to the
north and 150 feet to the south of the spillway structure, and on weathered residual soil overlying
the bedrock beyond these limits. The face of the residual soil in the valley abutments was cut back
on a slope not steeper than one vertical on three horizontal before constructing the earth
embankments.

The high central portion of the earth dam has a vertical chimney drain of free-draining sand
connecting with a blanket drain immediately over the bedrock, which in turn connects to a
downstream rock toe, as shown on Figure 3.8-24. On the abutment sections, where the dam is of
lesser height (the general height of dam from ground surface to normal pool level is 25 to 30 feet),
the dam is provided with a pervious downstream toe, as shown on Figure 3.8-25. A line of relief
wells, located at approximately 50-foot intervals along the toe of the dam, extends through the
overburden to bedrock. Profiles showing the installed wells with stainless steel screens and
chlorinated polyvinyl chloride drainage collection system are given in Figures 3.8-26 and 3.8-27.
Relief well details are shown on Figure 3.8-28. Except for these drain systems, the dam
embankment is constructed of residual soils placed and compacted under careful control. The
residual soils were obtained from borrow areas within the reservoir. Borrowing of soil did not
encroach upon the dam embankment foundation, since an upstream blanket of the residual soil
profile was retained within the limits on Figure 3.8-23. The surface of this blanket was compacted
to form an upper seal. The edges of the blanket, in proximity to the natural river channel, were
sealed using a slurry trench construction. The dam is faced on the upstream side with riprap for its
full height and on the downstream side with riprap to above tailwater level for probable maximum
flood.
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3.8.3.2 Basis for Design

Design development of the dam was based on subsurface investigations: the sampling of
foundation materials and borrow materials, the sampling of portions of the compacted
embankment, and extensive laboratory testing to evaluate material properties. The results of the
investigation, testing programs, and the material properties are presented in a report entitled,
Report on Design and Stability of North Anna Dam for Virginia Electric and Power Company
(Reference 13), dated May 7, 1971, which was submitted as Amendment 15 to the North Anna
Units 1 and 2 PSAR.

A detailed analysis of the dam was made to determine its stability under various loading
conditions, including severe earthquake. This analysis is given in the same report. This report
includes a description of the analytical procedures used in evaluating the design of the dam. The
basis for vibratory ground motion used in analysis of the dam is the same as described for the
station site in Section 2.5.2 of this report.

Studies of stability and behavior under static and dynamic loadings included:

1. Stability of slopes downstream at completion of construction.

2. Stability of slopes under long-term static loadings both upstream and downstream.

3. Stability of slopes upstream for drawdown conditions.

4. Stability of slopes both upstream and downstream for the design-basis earthquake, assuming
normal operating level for the pool.

5. Stability of retaining walls at the spillway under the design-basis earthquake.

6. Shear stresses in the soil parallel to the spillway retaining walls, resulting from distortions of
the earth dam sections relative to the spillway under earthquake loads.

7. Evaluation of stresses in and stability of the spillway structure and gates.

In all cases, the dam was found to be safely and conservatively designed.

For the analysis of the embankment section under dynamic conditions, dynamic finite
element techniques were used to determine the accelerations that would exist in various portions
of the dam.

Analyses were made for the highest section of the dam on the rock foundation near the
spillways, Station 22+00, and for a typical embankment section on the abutments, Station 28+70.
For both locations, the dam was modeled, including its foundation to the surface of the bedrock,
and earthquake motions applied using several earthquake records normalized to 0.12g
horizontally and 0.08g vertically to determine the accelerations that would exist within the dam.
Using these accelerations and pseudo-static analytical techniques employing Bishop’s method
(Reference 14) for slope stability, factors of safety against sliding under earthquake were
computed. As a result of these computations, it was concluded that the embankment portions of
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the dam could safely withstand an earthquake at least one order of intensity greater than the
design-basis earthquake, and probably more than this, without serious distortions or shear
failures. Stability analyses for static loading conditions and for rapid drawdown showed
conditions well within accepted limits. Shearing strengths of soils used in these analyses were
based on both static and dynamic testing of soil to determine the behavior under long-term and
short-term loadings. Procedures and results are described in detail in Reference 13.

Analyses of the stability of the retaining wall of the spillway for earthquake conditions were
made by using two different approaches. These were the Monobe-Okabe seismic coefficient
analysis (Seed and Whitman, Reference 15) and the dynamic finite element analysis. Both were
made using maximum horizontal acceleration at rock level of 0.12g horizontal and 0.08g vertical,
acting simultaneously. Results of the two methods were in good agreement. These analyses
showed that, for the design-basis earthquake, the resultant forces would stay well within the base
of the retaining wall. They also show that contact pressures at the toe of the wall upon the rock
would be less than 250 psi (approximately one-third of the allowable bearing capacity for sound
rock), and that the coefficient of total horizontal loads to total vertical loads would be less than
0.7. These values indicate that the wall is stable and safe under the DBE conditions.

Under transverse earthquake forces, the embankment section of the dam will deflect in an
upstream-downstream direction. The spillway, however, is essentially a rigid structure in this
direction, and will move with the foundation rock. Bending distortions, therefore, will develop in
the upper portion of the dam under earthquake conditions, since the portion close to the spillway
will tend to be restrained, while portions further away will deflect essentially as a vertical shear
beam.

If the shearing stresses associated with this bending were excessive, cracking of the soil
could occur, particularly along the face of the spillway retaining walls. Analyses indicate that
shearing stresses along the face of the spillway walls, necessary to restrain relative motion
between the embankment and the walls, are on the order of 100 psf. This stress is only a small
fraction of the shear strength available to resist motion. This analysis indicates that cracking along
the face of the spillway retaining walls would not be a hazard under earthquake conditions.

An evaluation has been made of the stability of the spillway structure and radial gates.
These analyses were made for normal operating Lake Anna level and for the design-basis
earthquake, using procedures of Westergaard and Von Karman (Reference 16) to ascertain
dynamic loadings. Friction values, overturning factors, and bearing pressures between rock and
concrete were all found to be well within acceptable limits, indicating that the spillway is safely
and conservatively designed.

Stresses in the radial gates, considering both static and dynamic loads, are well within
acceptable stress levels. Stresses in the piers of the gate structure under earthquake conditions,
considering both hydrodynamic and inertia loads, are also well within acceptable limits.
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Thus, in the various cases considered, the dam was found to be conservatively designed,
with adequate stability for the dynamic loads from the design-basis earthquake.

3.8.3.3 Construction of Dam

Construction of the dam was closely controlled to ensure compliance with specification and
design objectives.

On excavation of overburden materials to sound rock under the central high portion of the
embankment, the bedrock surface was carefully cleaned, examined for joints and open cracks, and
the rock structure mapped. Beneath the core section of the embankment upstream from the
chimney drain, the rock surface was treated with dental concrete and slush grout to provide a
relatively uniform sealed surface on which the base of the embankment was bonded.

Joints within the sound bedrock beneath the embankment core section were sealed with a
neat cement grout curtain approximately 50 feet deep. This curtain extends across the main valley
upstream from the centerline of the dam and continues beneath the spillway, as shown on
Figure 3.8-23.

Each end of the grout curtain terminates at the limits of the upstream blanket in combination
with the north and south slurry trenches, which seal the ends of the blanket to bedrock. On
detailed evaluation of the grouting program, it is concluded that joints within the sound bedrock
have been effectively sealed.

3.8.3.4 Quality Control

An extensive quality control program was carried out to ensure the quality of the
constructed dam. Special provisions relating to the embankment construction are summarized as
follows:

1. The borrow areas were inspected daily to detect moisture conditions, deleterious materials,
and any obvious changes in borrow material properties.

2. Continuous inspection was made to determine the need for excavation, including unsuitable
foundation materials and compacted embankment materials not meeting specified
requirements.

3. Continuous inspection was made of fill material quality and properties.

4. Continuous inspection was made of fill placement methods and procedures.

5. Testing was conducted daily to evaluate fill compaction and moisture content. The measured
results were compared with specified requirements, and removal, reworking, or additional
compaction was required where compaction or moisture content did not meet specified
requirements.

An unusually high standard of moisture and compaction control was achieved for an earth
dam embankment. The cumulative results of compaction and moisture variation within the
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completed embankment are presented in the form of a histogram of test results shown on
Figures 3.8-29 and 3.8-30. Where test results did not comply with specified values, the material
involved was either removed or reworked and recompacted. Testing of the reworked material was
found to meet specifications.

3.8.3.5 Instrumentation of Dam

A program of continuing surveillance has been established to (1) monitor the alignment and
settlement of the centerline crest of the dam, (2) monitor the quantity of discharge from the
collector drainage system, (3) monitor the pore water pressure within the embankment foundation
at selected locations to determine the long-term steady-state seepage conditions, (4) monitor the
head of water within the blanket drain at five locations beneath the high central portion of the dam
embankment to determine seepage discharge gradients through the blanket drain, and (5) monitor
the water level within or flow from each relief well along the toe of the dam to aid in evaluating
seepage conditions through the foundation.

The locations of instrumentation devices used in monitoring the performance of the dam are
shown on Figure 3.8-23. A summary of the monitoring program to be followed and the evaluation
of data to be made is presented in Table 3.8-12.

3.8.4 Service Water Reservoir and Pump House

3.8.4.1 Description of Reservoir

The Service Water Reservoir is located approximately 500 feet south of the station site area,
as shown on Figure 1.2-1 and Reference Drawing 10. This reservoir was constructed by diking an
area between two adjacent gullies and excavating from the area behind the dikes to provide the
required volume of emergency cooling water. The reservoir shown in Figure 3.8-31 has a bottom
surface area of approximately 7.9 acres and a storage capacity of 88 acre-ft. below Elevation 315.
Approximately 500 feet of the 3000-foot perimeter is formed by excavated slopes, with an
impounding dike forming the remaining 2500 feet.

The cross sections developed for the excavated slopes and impounding dikes are shown in
Figure 3.8-33. Areas below Elevation 305 were filled with impervious earth fill. The overburden
beneath the dikes and lining was stripped and grubbed or excavated, as required, and thoroughly
compacted before any fill was placed. The impervious core and lining were founded directly on
this compacted surface, which was scarified before fill placement to ensure bonding. The material
for the compacted impervious fill to Elevation 305 for low areas and for the core of the dike was
residual soil, excavated from the station area, which was placed and compacted under careful
control. The width of the impervious dike core is variable, and connects directly with the select
earth lining. The Service Water Reservoir lining has a minimum thickness after compaction of
2 feet, and extends up all excavated slopes to above maximum water level. This select earth lining
material, derived from the upper portion of the residual soil profile, has a high clay content, a very
low permeability, and is plastic in nature. This plastic nature permits deformation without
cracking.
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Immediately downstream of the impervious dike core is a transition filter zone of sand filter
and coarse filter, which provides internal drainage and forms a transition zone between the
impervious core and the compacted rock shell on the exterior portion of the dike.

Material for the rock shell was obtained from excavation of slightly weathered to fresh
hornblende gneiss and granite gneiss in the station site area. The rock was processed and sized to
form a durable, dense rock fill with high shear strength.

The inboard faces of the impounding dikes and excavated slopes are protected against
erosion with a layer of dumped rock slope protection.

3.8.4.2 Foundation Exploration

The service water reservoir site was investigated by 10 borings. Eight of these borings (41
through 48) were drilled in and near the reservoir area, and the logs of these borings are included
in a document entitled, Report, Site Environmental Studies, Proposed North Anna Power Station,
Louisa County, Virginia, Virginia Electric and Power Company (Reference 17). Two additional
borings, SWR-1 and SWR-2, were drilled at the pump house location and are presented on
Figure 3.8-34. In general, these borings show that the service water reservoir is underlain by
granitic gneiss that has weathered to fine to medium silty sand and micaceous fine silty sand.
Borings and refraction seismic surveys indicate that the depth to bedrock varies from 60 to
80 feet.

Further detailed investigations are reported in Appendix 3E.

3.8.4.3 Material Properties

The physical properties and strength parameters of the principle materials of construction
are listed in Table 3.8-13. The properties and parameters of the impervious core material were
determined by laboratory tests. In general, the testing program included the determination of
index properties, grain size distribution, moisture density relationships, and the evaluation of total
and effective and consolidation stress strength parameters by the triaxial testing prepared samples.

Physical properties and strength parameters of the rock shell and filter materials were
selected on the basis of empirical formulas and prior experience. The selected values are
conservative for materials of similar gradation and density.

The effective and consolidation stress strength parameters for postulated relic surfaces
within saprolite foundation materials were based on test results reported by Horn & Deere
(Reference 18). These values were considered to be conservative.

Results of field and laboratory investigations of material properties related to strength,
consolidation, permeability, and liquefaction potential are reported in Appendix 3E.
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3.8.4.4 Analysis of Stability

Stability analyses of critical dike sections were made to evaluate the factors of safety for all
anticipated operating conditions of the service water reservoir. To assess the stability of the dike
under both static and dynamic loading conditions, two types of failure patterns were analyzed.
Using various radii with centers selected over a grid pattern, the critical circular failure surface
was found to pass through both dike and foundation materials, which had the factor of safety as
shown in Table 3.8-14. Circular failure surfaces were analyzed using the Simplified Bishop
Method, while wedge failure surfaces were analyzed using the Morgenstern-Price Method. Since
the factor of safety for dynamic loading conditions is greater than 1.0, slope displacements during
the design-basis earthquake will be negligible (Reference 19).

An evaluation of the possible effects of relic joint surfaces in the saprolite soil structure was
made using wedge-shaped failure surfaces. It was assumed that a segment of the failure surface
passed along a postulated relic joint surface. The strength along such a seam was taken to be
considerably lower than that of the surrounding saprolite, as shown in Table 3.8-13. The bottom
surface elevation of the central wedge was varied to determine the critical pattern. This pattern
shows an acceptable minimum factor of safety, as given in Table 3.8-14.

In this method, a computed factor of safety of 1.0 under combined static and dynamic loads
indicates initiation of inelastic distortions. Since the analysis is made for a single peak
acceleration, a number of cycles of loading to dynamic loads sufficient to produce computed
factors of safety less than unity would be required to develop significant distortions in the
structure. Acceleration values of 0.18g horizontal and 0.12g vertical were used in the calculation
of the dynamic factors of safety. These values are conservative, and allow for 50% amplification
of the design-basis earthquake value of 0.12g horizontal input at bedrock.

The calculated factors of safety of the service water reservoir dikes under static and
dynamic loading for the anticipated operating conditions of the reservoir are given in
Table 3.8-14. The values of dynamic factors of safety given in the table are based on an analysis
using total, undrained, or consolidation stress strength parameters, which is appropriate for the
short-term loading under earthquake forces. In all cases, the calculated factors of safety were
considered conservative.

The design of this reservoir and dike system was approached conservatively, using design
procedures, methods of analysis, and considerations typical of those used for major earth dams.

Differential distortions of the dikes under static and dynamic loading conditions are
negligible. Cracking of the reservoir bottom due to differential settlement under static or dynamic
loading is not anticipated. Relative displacement along the centerline of dikes due to earthquake
ground waves will not exceed 3 inches. This is computed from the ground displacement spectrum
normalized to 0.18g, taking the total relative displacement, peak to peak, for a half wave length
for the shear wave equal to the distance between points considered. The impervious core will
sustain this relative displacement without cracking.
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Additional information on soil stability is given in Appendix 3E.

3.8.4.5 Settlement of the Service Water Pump House

3.8.4.5.1 Original Bases

The dikes and pump house are founded on moderately dense, well-graded sandy silt or silty
fine sand and clayey silt. General depth to bedrock beneath the dikes and pump house is
approximately 60 to 80 feet. Because of the varying height of the dikes, differential settlement
along the crest was anticipated.

The service water reservoir pump house is located within an enlarged section of the dike
and is supported on a reinforced-concrete mat founded directly on the compacted impervious
reservoir lining. This lining is underlain by approximately 65 feet of moderately dense sandy silt.

Because of the nonuniform loading imposed by the dike and pump house on foundation
materials, it was anticipated that the pump house would experience greater settlements under its
northern edge (near center line of dike) than along is southern edge (toe of dike). Because of the
monolithic nature of the pump house, this angular rotation about its base will not cause any
structural distress.

3.8.4.5.2 Additional Settlement

In 1975 it was observed that the service water pump house was settling more than
anticipated. In accordance with numerous communications with the NRC, the following actions
were taken:

1. Additional soil testing has been performed. Results of a series of tests are reported in
Appendix 3E.

2. The relatively unpredictable response of the saprolite soil appeared to be sensitive to ground
water. Consequently, an extensive network of horizontal drains has been installed, as
described in Section 3.8.4.6.

3. A program was developed for periodic monitoring of settlement, with frequency, limits, and
responses described in the Technical Requirements Manual (TRM).

4. Because settlement of the pump house causes deflection of the piping attached to the
structure, changes were made, as described in Section 3.8.4.5.4, including installation of
expansion joints in the 24-inch service water piping. Deflections at these joints are monitored
in accordance with the TRM.

Reference 20, in response to NRC questions related to a request for changes in the original
Technical Specifications, reported in considerable detail on amounts of settlement measured and
structural details of the pump house.

As the pump house is located within the Service Water Reservoir and is surrounded either
by impervious lining or core, this settlement will have no effect on the watertightness of the
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reservoir. Lateral soil loads on the walls of the pump house under dynamic conditions have been
considered in its design.

3.8.4.5.3 Monitoring of Settlement

At intervals defined in the TRM, the elevations of points of interest are measured by
accurate survey. Points located on structures at the service water reservoir and at the main plant,
including the service water pump house, service water lines, service water valve house, service
water tie-in vault, service building, and main steam valve house, have been monitored for
settlement in some cases since 1975. Most of the points are no longer monitored since minimal
movement had occurred. The structures and components which are being monitored are listed in
Table 3.8-15. This table also provides the initial baseline elevations for these points. These
baseline elevations are periodically compared to current values: if the change exceeds prescribed
limits given in the TRM, appropriate action is taken. Settlement markers located at or near the
service water reservoir are shown on Figures 3.8-31 and 3.8-60. Four settlement markers are
provided for both the service water valve house and service water tie-in vault. Settlement markers
at the main plant are shown on Figure 3.8-59.

The baseline surveys meet the accuracy requirements of a second-order, Class II survey as
defined by the U.S. Department of Commerce, National Oceanic and Atmospheric
Administration, National Ocean Survey.

3.8.4.5.4 Effect on Piping

3.8.4.5.4.1 Service Water Piping to Main Steam Valve House. The NRC Office of Inspection
and Enforcement, Region II, was notified by Vepco on December 15, 1976, that the service water
piping between the main steam valve house and the service building for Unit 2 may be
overstressed due to differential settlement between these two buildings. This notification was
made under the provisions of 10 CFR 50.55(e). Subsequently, a final report was filed on
January 14, 1977 (Serial No. 002), in which it was stated that the service water lines would be
replaced in this area to preclude any possible deleterious stress development due to differential
settlement.

1. Foundation conditions along the 14 line are shown in Figure 3.8-35. Foundation contact
pressures (based on dead loads only) at the service water line connections (14 line) are
4500 psf for the service building and 2500 psf for the main steam valve house.

2. The elevations of the service building and the main steam valve house were not monitored
continuously from the time immediately following construction; therefore, measured values
of actual settlement, rate of settlement, and tilt over a long time period are not available.

3. The differential settlement used to analyze the service water lines was based on the total
apparent settlements of the service building and main steam valve house given above. The
settlement of 0.224 foot for the service building was extrapolated backward in time, using the
same rate of settlement as has actually been measured at the northwest corner of the service
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building. From this extrapolation, it was calculated that the differential settlement between
the two structures during the time period between installation of the pipes and the end of
1976 was 1.1 inch.

4. When the service building settled, the building settlement imposed deformation boundary
conditions on the composite structure of the service water piping and the concrete
encasement. The theory of beams on elastic foundations and NUPIPE II (computer program
ME-110, Computer Code for Stress Analysis of Nuclear Piping, Stone & Webster
Engineering Corporation) were used to compute stresses in the pipe.

The actual computation was done by using the NUPIPE II program (Reference 21). The
composite beam of piping, concrete, and rebars was converted into an equivalent pipe of a
homogeneous material. See Figures 3.8-36 through 3.8-38 for construction details and
equivalent pipe details. The concrete was assumed to take compression only when the
composite beam was subjected to bending. The effects of soil stiffness were represented by a
series of elastic “soil springs” acting along the pipe. The spacing of the springs was
calculated based on the theory of beams on elastic foundations to ensure that the pipe length
in between any two consecutive soil springs falls within the short beam range. In other
words, each pipe element is a sufficiently small element for numerical computation.

Building settlements, as discussed above and as predicted for the future, were applied as
differential settlements between the buried pipe and building. The anchor at the service
building was conservatively assumed as a rigid anchor to the buried pipe. The settlement of
the service building becomes the deformation boundary conditions of the buried pipe.
Bending moments were obtained from the NUPIPE II program. Stresses in the pipe were
then calculated from the bending moments. The calculation performed that indicated a
possible overstress condition in the pipes was based on the NUPIPE II model shown in
Figure 3.8-37.

To compute the total future stresses for the service water lines after a section of pipe was
replaced, two calculations were made. The first calculation was performed to obtain the
stresses in the pipes without the section that was replaced. The settlement to date (1976) was
applied to the cantilever beam, which had a free end boundary condition assumed at the point
where the pipe was replaced. The second calculation was performed to obtain the stresses in
the pipes after repair.

The future settlement was applied to the NUPIPE II model (Figure 3.8-38) of the complete
service water lines between the service building and the Unit 2 main steam valve house. The
sum of stresses from the first and second calculations—namely, from the settlement to date
and future settlement—were checked against the allowable stress and were found to be
within the allowable limit.

In accordance with Section NC3652.3(b) of the ASME Boiler and Pressure Vessel Code,
Section III, Winter 1976 Addendum, the effects of any single and repeated anchor movement
(e.g., building settlement) shall meet the requirements of Equation 10a, for which the
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allowable stress is 3Sc. No dynamic loadings are included in Equation 10a, since such
dynamic effects are cyclic in nature.

5. For the analysis of possible existing stresses prior to repair, values for the moduli of vertical
subgrade reaction were assumed to be 100 and 300 tons/ft3 for the saprolite and structural
fill, respectively, based on Figure 11-8 of NAVDOCKS DM-7. These are similar to the values
used for the analysis of the service water lines at the service water pump house. Analysis of
the service water lines between the service building and the main steam valve house
indicated a possible overstressed condition even for the lower modulus of 100 tons/ft3.

The stress analysis used a modulus of 300 tons/ft3 under the pipe encasement not disturbed
by the repairs, and a modulus of 100 tons/ft3 under the section of pipes that was replaced.
Backfill specifications called for lightly compacted fill to minimize future settlement
stresses.

To prevent the possible overstress, a portion of the concrete encasement was removed along
the main steam valve house wall, as shown on Figure 3.8-39, and a section of each pipe was
replaced. The extent of the excavation needed for the repairs is shown on Figure 3.8-40.

3.8.4.5.4.2 Mathematical Model for Buried Piping Near the Service Water Pump House. A
detailed sketch of the mathematical model used in the recent stress calculations is shown in
Figure 3.8-41. The beam on an elastic foundation and NUPIPE piping stress program are used as
the model to perform stress calculations. The buried piping is regarded as a beam, whereas the soil
stiffness effects are represented by a series of elastic “soil springs” acting along the beam (pipe).
The coefficients of subgrade reaction and the spacing of the soil springs are the same as those
used in the analyses performed in 1975. The spacing of the springs, d = 3.0 ft., was chosen so that
the pipe length between any two consecutive soil springs falls inside the “short beam” range
(Reference 22).

Except near the pump house, the springs were used in pairs: one perpendicular to the pipe in
the horizontal plane, and one perpendicular to the pipe in the vertical plane. Near the pump house,
the first kind was omitted because that area is beyond the range of influence of the bending
moments produced at the buried elbows. The formulas used for the spring constants were:

 and

where:

d = spacing of springs, in.

DO = outside diameter of pipe, in.

KOH, KOV= coefficients of subgrade reaction

= slope of pipe, degrees

KH KOH DO d= KV DO d KOHsin2Θ- KOVcos2Θ+( )=

Θ
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KH= horizontal spring constant

KV= vertical spring constant

Internal spring constants represented the stiffness of the expansion joints. As one boundary
condition, the piping was assumed to be fixed at a point far from the 47-degree elbow in which the
peak stress occurs. This point is in nonsettling soil. As a second boundary condition, the soil
springs along the pipe were caused to settle according to the settlement profile (Figure 3.8-42).
The penetration of the pipe through the north face of the service water pump house was
considered as the other terminal fixed end of the model. A settlement value equal to the largest
settlement experienced by the four service water lines at their penetrations through the north face
of the service water pump house was imposed at that fixed end of the mathematical model. No
other boundary conditions were imposed. The restraining effect of friction was modeled as an
axial force applied to the pipe.

The analysis of the model was carried out in two parts. First, the stresses due to the action of
the soil settlement were computed. This run also provided conservative values for expansion joint
movements. Second, a computer run was made with zero settlement, but with an axial force acting
near the point where the pipe enters the soil, representing friction of the buried pipe up to the first
buried elbow. Friction forces beyond this elbow will not affect moments and stresses there. Stress
levels throughout the pipe were considered to be the sum of the stresses computed separately by
the two runs.

The conservatisms in the analysis are:

1. The stress at each point was calculated from the sum of the resultants of the moments from
the two runs described above, rather than adding the moments by components and then
calculating the stress.

2. The vertical coefficient of subgrade reaction was twice that of a reasonable estimate.

3. In calculating friction, the soil lateral pressure due to soil overburden was assumed equal to
the soil vertical pressure. Generally, the lateral pressure is significantly less.

4. The assumed soil density of the dike was 135 pcf.

5. The soil/pipe coefficient of friction used was 0.6 for the dike material and to 0.4 for the
material beyond the dike. This and items 3 and 4 ensure that the calculated value of the
friction force is conservatively high.

6. The method of calculating differential motion across the expansion joint assembly was
conservative because it assumed that friction was not present. The effect of friction is to
oppose motion at the joint due to settlement. The canceling effect will make the actual
movements much smaller than those provided to the expansion joint vendor for evaluation.
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3.8.4.5.4.3 Resistance to Collapse. The service water piping can withstand effects of loads and
movements generated by the 0.66-foot settlement allowable. This conclusion is based on a
comparison of stress levels with the allowable stress in the piping materials for settlement loading
conditions.

A second basis for confidence is a comparison of compressive stress levels against those
required for local elastic instability. The compressive stress caused by frictional forces is about
10,000 psi. The compressive stress required for instability (Reference 23) is on the order of
100,000 psi. Thus, deformation initiated by elastic instability is not expected.

A third basis is the effect of the soil in which the pipe is buried. The restraining action of the
soil, combined with the internal pressure in the pipe, serve to augment the natural stability of the
pipe wall. (The external soil pressure is only one-quarter of internal pressure.) The surrounding
soil will also prevent Euler buckling.

Additionally, it can be demonstrated that, should instability be arbitrarily postulated, the
effects would be limited by the secondary nature of the forces involved.

The friction force is generated by soil movement relative to the pipe, so piping movements
cannot exceed soil movements. If instability were postulated, and if the pipe were assumed to
move the maximum amount possible, the resulting deformation and flow area change would be
insignificant to system performance.

Figure 3.8-43 illustrates the above rationale. The maximum movement possible is equal to
the total soil compression along the pipe that is generated by the settlement gradient, as shown in
Diagram “A” on Figure 3.8-43. If the instability points are postulated to occur at three adjacent
stress peaks, as shown in Diagram “B” on Figure 3.8-43, the rotation that can occur at the elbow is
no greater than 2.2 degrees. This worst-case value for the amount of distortion in the elbow would
result in a flow area change of less than 1%.

It is concluded that no general collapse is possible, and that any conceivable deformations
of the piping would still allow the system to operate at the required capacity.

3.8.4.5.4.4 Code Stress Limits. The ASME Code stress limit for “single, nonrepeated anchor
movements” is stated in Equation 10a to be 3Sc, where Sc is listed in Appendix I to the section.
For the pipe and fitting material used in the service water system, Sc = 13,700 psi, which gives a
settlement stress allowable of 41,100 psi. This value does not include the benefit of measurements
on the actual material. For example, the measured yield strength of the 47-degree elbow is
37,000 psi (Reference 24), as compared to 30,000 psi listed in the Code Appendix I.

3.8.4.5.4.5 Expansion Joint. Prior to February 2002, metal expansion joints were installed in the
service water supply piping near Service Water Pump House (SWPH) to accommodate settlement
of SWPH and piping.
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In February 2002, it was identified that the expansion joint 1-SW-15A1C was damaged due
to corrosion. In an interim configuration, the metal expansion joints were replaced with 36-inch
diameter 0.375-inch thick spool pieces on a temporary basis to justify temporary operation until
permanent resolution was implemented. The permanent resolution was implemented through
design change to install rubber expansion joints in place of original metal expansion joints to
accommodate future settlement.

Technical Requirements Manual (TRM) Table 3.7.7-1 limits the allowable differential
settlement between SWPH (monitoring points 7, 10) and service water piping (monitoring points
17, 18) to 0.22 foot as measured since July 1977. The settlement data indicated a cumulative
differential settlement of 0.103 foot measured from July 1977 until February 2002. Thus, a future
differential settlement of (0.22 foot - 0.103 foot) = 0.117 foot will be within the limits of the
TRM.

The rubber expansion joints have four open arch convolutions and can safely accommodate
0.333 inch of differential movement in lateral direction. The projected differential settlement at
the expansion joint is 0.117 inch, which is 35 percent of the allowable. This leaves enough
available movement in the expansion joint for dead weight and seismic conditions. These rubber
expansion joints can also accommodate 0.667 foot of movement in compression and 0.333 foot in
elongation. The allowable cycles of loading for these rubber expansion joints far exceed the
expected lifetime cycles. Therefore, fatigue for these rubber expansion joints is not a concern. The
piping system was reanalyzed with rubber expansion joints and the stresses in the piping system
remained within the allowable limits of applicable code in all loading conditions including
seismic.

The plant maintenance program monitors aging of the rubber expansion joints and replaces
them periodically.

3.8.4.5.4.6 Effects on Service Water Pumps. The manufacturer’s requirement for alignment of
the service water pumps of 0.10 in/ft (0.5 degrees) maximum allowable tilt is a “rule of thumb” to
ensure that the pump shaft is plumb. The manufacturer’s requirement of alignment for the
26-foot-long pumps corresponds to 2.6-inch displacement. The manufacturer has indicated that a
displacement of 0.5 degrees would not adversely affect pump operability. The long-term results of
operating at the maximum allowable displacement would be a slight bowing of the pump shaft.

After initial installation of the service water (SW) pumps into the service water pump house
(SWPH) there was some concern about a change in alignment due to the settlement of the SWPH.
Almost twenty years of measurements on the SW pump base plate determined that settlement of
the pump house was not causing significant change in pump alignment. Also movement of the
SWPH has decreased substantially. SW pump tilt methodology was determined in Virginia Power
Calculation ME-0532 and it was determined that direct measurements of the SW pump are no
longer required. The tilt could be conservatively determined from the SWPH settlement
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measurement and this change in methodology could be made following pump replacement
(realignment of pump) per DC-95-015.

Due to the design of the system, the effects of pipe settlement will not be transmitted to the
pump nozzles. The combination of the expansion joint on the pump discharge nozzle and the
piping anchor 2.5 feet downstream effectively isolates the pump from piping-induced loads.
Therefore, the maximum tilt angle is only a function of pump house differential settlement, and is
independent of piping system interactions.

3.8.4.5.4.7 Spray Piping Stress Evaluation. The service water reservoir piping stress analysis,
was performed in accordance with ND-3600, Section III of the ASME Boiler and Pressure Vessel
Code up to 1971 addenda. The requirements for analysis of piping in accordance with ND-3600
(same as for NC-3600) are:

Condition 1: The sum of stresses due to effects of pressure, weight, and other sustained
mechanical loads within Sh (allowable stress range for material in the hot
condition).

Condition 2: The sum of stresses due to effects of pressure, weight, other sustained
loads, and occasional loads, including operating basis earthquake, within
1.2 Sh.

Condition 3: The sum of stresses due to effects of pressure, weight, other sustained
loads, and occasional loads, including design basis earthquake,
within 1.8 Sh.

Condition 4: The stresses due to the effects of thermal expansion within
SA=1.25 Sc + 0.25 Sh (where Sc = allowable stress range for material at
room temperature), or the sum of stresses due to effects of pressure,
weight, other sustained loads, and thermal expansion within SA + Sh.

Besides the above requirements, the stresses in the piping due to the effects of one time
relative settlements were calculated independently of any other loading and kept within 3 Sc.

Each of the two 36-inch carbon steel return headers with expansion joints outside the north
wall of the valve house, branches into two 24-inch headers inside the valve house. The expansion
joints allow for a relative settlement of 3 inches between the buried return headers and the valve
house structure. Each 24-inch header then branches into two 18-inch headers that exits the valve
house south wall. There are eight 18-inch headers that exit the valve house south wall and enter
the Service Water Reservoir. Each 18-inch header is supported above the reservoir water level and
contains a pair of hinged expansion joints. Each pair of hinged expansion joints acts as a toggle to
accommodate relative settlement of 3 inches between the valve house and the first vertical support
located in the reservoir. Each of these eight 18-inch headers supply service water to the
corresponding spray array in the reservoir.
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To address the potential for long-term settlement of the Service Water Reservoir piping
support structures, 3/4 inches of relative settlement between two adjacent supports 25 feet apart
was considered in the settlement analysis.

For the spray piping stress evaluation, thermal flexibility, deadweight, seismic, water
hammer and settlement analyses were performed. For the dynamic analysis of the underwater
winter bypass piping attached to the south wall of the valve house, hydro-dynamic masses equal
to the weight of the volume of water displaced by it were added to the weight of the pipe and its
contents.

3.8.4.5.4.8 Abandoned Spray Piping Near the Pump House. Four 24-inch steel pipes extend
from the south wall of the pump house to hangers, approximately 35 feet to the south, mounted on
a common footing. These lines were abandoned following tie-in of the new service water spray
and bypass system. The four lines will retain their seismic qualification in order to not affect any
safety-related components in the Service Water Reservoir, however, the lines will no longer be
classified as safety-related.

3.8.4.5.4.9 Erosion of the SWR Liner Material. Material could possibly be eroded by one of two
methods in the service water reservoir:

1. Material could be eroded by the flow of water over the surface of the liner to the pump
intakes. Tests performed at MIT with soil from the North Anna service water reservoir
indicate that flow rates greater than .55 ft/sec are necessary to start erosion of the liner. A
concrete apron has been placed around the intake to the service water pump house to a radius
of approximately 82 feet. With this apron, the maximum flow rate expected across the
impervious liner is 0.2 ft/sec. Therefore, this type of erosion is not expected.

2. Material could be eroded as a result of operation of the underwater winter bypass headers at
the service water valve house. The bypass piping was designed such that exit velocities
would be minimized. A coarse aggregate erosion liner apron has been placed on the reservoir
bottom in the vicinity of the bypass piping discharge. The apron was sized to ensure that
velocities over the clay liner are within the limits described in Item 1 above. Therefore, this
type of erosion is not expected.

3.8.4.6 Ground-Water Control Beneath the Service Water Pump House

In response to a request by the NRC, design and field work was performed for a system to
maintain the average ground-water level beneath the service water pump house at
Elevation 275 MSL. The purpose of this system, as outlined by the NRC, is to minimize or avoid
additional settlement and/or loss of stability that might be caused by increases in ground-water
levels due to seepage from the service water reservoir.

Initially, a system of vertical wells located near the pump house was investigated. Three test
wells were installed, and pumping tests were conducted to determine final design parameters.
Details of test wells are shown in Figure 3.8-44, and locations are shown in Figure 3.8-45.
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After installation of the three test wells, TW-1 was pumped at various rates during an 8-day
period to observe the effect of pumping on other wells, piezometers, and water levels in slope
indicator casings. At a pumping rate of 1.25 gpm, the inflow capacity of TW-1 was exceeded,
with water level in the well dropping about 25 feet in a 40-minute period.

Two types of pump tests were conducted. Initial “step-drawdown” tests consisted of
pumping TW-1 at rates of 1, 0.8, and 0.5 gpm, and observing rate of drawdown and elevation at
which water level in TW-1 stabilized. Following this, TW-1 was pumped at a constant rate for
74 hours, and the effect on adjacent wells, piezometers, and slope indicator casings was measured.
Distance vs. drawdown and time vs. drawdown data are shown in Figures 3.8-46 and 3.8-47,
respectively.

The pumping tests generally confirmed the expectation that foundation soil permeability is
low and that control of the water table beneath the pump house would require either a large
number of wells or, with a limited number of wells, an excessive drawdown at each well.
Placement of additional wells through the pump house floor was not possible, and locating wells
along the outside periphery of the pump house would require penetrating the impervious clay
liner. Although methods of sealing well penetrations through the clay liner are available, to obtain
complete assurance of the effectiveness of such seals would be difficult in advance of Service
Water Reservoir filling.

A scheme was investigated that would involve two clusters of wells (approximately five in
each cluster) located at the northeast corner and the northwest corner of the pump house, which
would not involve penetrating the impermeable liner. This arrangement could maintain a constant
but sloping phreatic surface beneath the pump house. It was estimated that to maintain the ground
water at Elevation 275 (approximate existing elevation) beneath the south edge of the pump
house, the ground-water level 15 feet away from each well cluster would be at approximately
Elevation 265. The disadvantage of this approach is the potential for inducing increased
settlement along the north side of the pump house. However, well clusters located at the northeast
and northwest corners of the pump house were considered to be the best method of ground-water
control using vertical wells. The design of additional wells would be the same as the three initial
wells, except that the well screen diameter would be reduced to 4 inches.

During installation of the test wells, it proved impossible to drill through the rock fill zone
at the dike surface, and it was necessary to excavate this material by backhoe. Replacement of the
fill material to its original density was difficult and, in this respect, installation of vertical wells
was proven undesirable from the standpoint of dike integrity. Pipes in the vicinity of the pump
house in some cases would prevent location of additional wells at desirable points.

Because of the disadvantages of vertical wells, a system of horizontal drains, of the type
used for drainage of permanent cut slopes, was designed. A trial drain (Drain 1) was installed for
the purpose of testing feasibility of available construction and survey methods, and confirming the
ability of the drains to remove ground water without loss of fines.
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Horizontal drains offer the advantage of maintaining a relatively uniform ground-water
surface with minimum potential for induced differential settlement. At the designed maximum
spacing of 16 feet, the maximum drawdown, measured from the midpoint between drains, is
1.5 foot. This estimate is based on an inflow rate equal to the estimated seepage quantity from the
entire reservoir of 15 gpm, using standard design methods for spacing of drains (Reference 25). It
is recognized that the nonhomogeneity of foundation materials will result in minor local
variations in ground-water level.

Installation of Drain 1 was completed on October 8, 1976. Location of the drain is shown in
Figures 3.8-48 and 3.8-49, and water quality data collected during the first 10 days of operation
are plotted in Figure 3.8-50. At the initial flow rate of 3.8 gpm, the drain flowed one-third full,
and outflow appeared to be clear within a few hours after completion of installation.

Drain 1 was installed by advancing BW casing by rotary drilling to the planned depth,
inserting the 1.5 inch i.d. slotted PVC drain pipe within the casing, and removing the casing. The
annulus between drain pipe and soil was grouted at the outlet end to prevent seepage around the
drain pipe.

It was concluded that the additional drains could be safely installed by basically the same
method used for the initial drain, with some modifications in drilling tools and techniques. The
horizontal alignment of Drain 1 could not be measured with the prototype survey instrument
available at the time of installation. Measurement of the alignment of the remaining drains
became possible by modifying the “Deflectometer” survey instrument manufactured by
Terrametrics, Inc., to permit its use in a range of casing sizes. This instrument can reliably
measure drill casing location with an estimated accuracy of ±6 in/100 ft depth.

Water quality tests to supplement visual observation of the Drain 1 outflow showed that no
removal of fines occurred and that turbidity and suspended solids in the drain outflow were both
considerably lower than in samples taken from the service water reservoir. (For comparison with
values shown by Figure 3.8-50, a water sample from the reservoir on October 9, 1976, had a
turbidity of 3.4 ppm and suspended solids of 5.5 ppm.) Outflow from Drain 1 was collected and
allowed to settle in a drum for the initial 10 days of flow. The quantity of sediment collected was
not measurable and probably represented material introduced into the drain by rods used to insert
survey instruments.

Figure 3.8-51 shows a comparison of drain slot size (0.010 inch) with gradation of typical
saprolite. The size is adequate from the standpoint of both prevention of loss of fines and drain
capacity requirements. This slot size is about equal to the D50 size of the middle range of
foundation soil gradations. Sizing of well screen slots equal to or less than the D50 size of adjacent
materials is general practice, although the applicability of this criterion (References 26 & 27)
depends on the soil type and its resistance to piping. Experience with Drain 1 indicated that the
slot size is satisfactory.
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The additional five horizontal drains required to complete the ground- water control system
were installed during the period of June through August 1977, as shown in Figures 3.8-48
and 3.8-49. The procedure developed for drilling the holes for the drains consisted of, first,
advancing 40 feet of HW casing (4-inch i.d.) at an initial upward slope of twice the planned final
slope of the drain; this heavy casing would drop over this 40-foot length to the correct slope. Then
a total length of 100 feet of NW casing (3-inch i.d.) was drilled through the HW casing and, after
every 10 to 20 feet of penetration, the “Aquaducer” survey instrument was used to measure the
slope of the casing. Whenever the casing departed from the planned slope, the drilling technique
was altered to correct the attitude of the casing or, in many instances, the casing was withdrawn
30 feet or more and redrilled very slowly. Finally, BW casing (2-3/8-inch i.d.) was drilled through
the NW casing to the planned depth, with frequent slope measurements and redrilling where
required. Before inserting the PVC drain pipe and withdrawing the casing, the “Deflectometer”
was used to survey the horizontal departure of the BW casing from the planned direction.

The success of the painstaking installation procedure is obvious in Figures 3.8-48
and 3.8-49. At a depth equivalent to the center of the pump house, the average spacing of the
drains is about 15 feet, and the average vertical position of the six drains is Elevation 274.6.

Following the installation of the drains, a similar drilling procedure was used to install a
3-inch PVC outlet pipe 130 feet to the northeast beneath the emergency dike. This pipe extends
another 35 feet to a subsurface drain that empties into Canal “A.” A concrete gallery collects the
flow from the six drains and diverts it to the outlet pipe. Access to the drains for monitoring and
maintenance is provided by a manhole to the gallery.

Figure 3.8-52 summarizes the installation sequence of Drains 2 through 6 and the
measurements of flow from each drain after it was installed. In addition, this figure shows the
ground-water elevations (on the right-hand scale) measured in two piezometers and one test well
in the vicinity of the drains (as shown in Figure 3.8-48). The time at which each drain was
completed is shown at the top of the figure by the same symbol used to indicate the flow from that
drain. (The installation of Drain 4 was interrupted when grouting was required to correct the
slope.) A general relationship can be seen between the flow from each drain and the ground-water
elevations as additional drains were installed, but it is obscured by an overall lowering of the
ground-water table due to the lack of rain during this period.

Results of water quality tests on the flow from the six horizontal drains are shown in
Table 3.8-16. These results reflect the influence of installing adjacent drains and should be
considered with reference to Figure 3.8-52. Following the installation of all drains, the turbidity
and suspended solids of the flow stabilized at very low or unmeasurable levels.

Monitoring of the outflow from the drains was performed on a monthly frequency, and a
permanent program of monitoring and maintenance was established. Water quality tests were
made at 3-month intervals for 1 year and at 6-month intervals thereafter. The water quality tests to
be run will be suspended solids and turbidity. The Technical Requirements Manual requires a
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visual inspection of the clarity of the outflow from each drain to be performed in conjuction with
the flow monitoring effort.

The monitoring of the rate of flow from the drains is continuing on a 6-month frequency.
The requirement to monitor the turbidity and suspended solids was deleted as recommend in
Reference 34.

3.8.4.7 Dike Design and Evaluation

3.8.4.7.1 Design Objectives

In the conclusion to his treatise on earth dams, Middlebrooks (Reference 28) lists design
and construction criteria considered essential for the construction of an earth dam (or dikes) that
will be unquestionably safe.

Of these, pertinent criteria used in the design of the North Anna service water reservoir
were as follows:

1. Freeboard should be sufficient to prevent overtopping when the maximum possible flood
occurs.

2. Seepage through impounding dikes should be controlled by proper zoning of materials or by
pervious drains. The use of pipe drains within the embankment section should be avoided.
Development of cracks in the embankment due to foundation or fill settlement should be
avoided by proper consideration of slopes and abutments and by proper placement of fill
material. Special attention should be given to the impervious core or lining to ensure that it
will be sufficiently plastic to deform without cracking.

3. Foundation and embankments should not be overstressed in shear (slide potential).

4. The impervious section should be compacted to a density that will not produce settlement on
saturation.

5. Slope protection should be provided to the crest of the dike to protect against breaching
during a major storm.

Conformance of the service water reservoir design with the above objectives gives
assurance of adequate conservatism to ensure safety of this critical structure.

3.8.4.7.2 Overtopping Failure

The most common cause of complete catastrophic failure of earth dams has been water
flowing over the tops during great river floods when spillway capacities were inadequate.
Overtopping of the dikes of the service water reservoir could only occur in two ways. The first
would be by flooding during a great rain storm. Maximum probable precipitation for the North
Anna area would produce 27.5 inch of rain in 48 hours. Since there is no contributing drainage
area other than the area of the pond itself, the 60-inch freeboard provided in the design precludes
overtopping from this cause. The second would be by overfilling of the reservoir due to runaway
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of the makeup pump. For such a runaway to occur, both the level control system and the level
control alarm would have to fail. In the incredible event that both systems failed, pump runaway
would have to continue unchecked for over 7 days before overtopping would occur. Should
overtopping occur from some unknown reason, the design of the dikes using an outer rock shell is
such that limited overtopping could occur without catastrophic failure. Such overtopping would
be directed into Canal A and away from the plant site by the emergency dike shown on
Figure 3.8-48.

3.8.4.7.3 Seepage Failures (Piping)

Piping, or progressive erosion of concentrated leaks, has caused a larger number of
catastrophic failures than any other action except overtopping.

Piping most commonly occurs in homogeneous dams as a result of poor construction
control, which can result in inadequately compacted material or pervious layers in the
embankment, inferior compaction adjacent to concrete outlet pipes or other structures, or poor
compaction and bond between the embankment and the foundation or abutments. Embankment
leaks through differential settlement cracks have also been a major source of piping failures.
However, many of the modern techniques of earth dam design and construction have been
developed to prevent piping failures. The following techniques have been considered and
incorporated into the service water reservoir design: (1) construction of the impervious lining of
the dike with materials that by their nature have a high resistance to piping and are sufficiently
plastic to accommodate differential settlement without cracking; (2) the introduction into the
downstream portion of the dike of filter layers that form a transition in gradation; and (3) stringent
requirements for uniformly compacted embankments, with emphasis on control of construction
water content and density.

The material properties of the construction materials for the impounding dikes of the
service water reservoir are listed in Table 3.8-13. With the exception of the graded sand and
coarse filters, all materials were obtained on site. Lining material was obtained by selective
borrowing from required excavations for the plant and appurtenant facilities. In particular, select
earth-lining materials were obtained from selective excavation for the switchyard. These materials
are described and classified in logs (Reference 17) of Borings 52, 53, and 54. In general, the
materials selected and stockpiled are classified according to the Unified Soil Classification
System as inorganic clays (CH), inorganic silts (MH), and clayey sands (SC). They are generally
well graded, as shown in Figure 3.8-53, and have high to very high resistance to piping
(Reference 29). These materials have sufficient plasticity to sustain the anticipated minor
differential settlements without cracking (Reference 30). Also, because of relatively uniform
foundation conditions underlying the reservoir, differential settlements and cracking at the
abutments are not anticipated. After careful stockpiling, the stockpile was randomly sampled and
the samples tested and reclassified to ensure that proper materials had been obtained and that no
segregation existed.
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Impervious earth fill materials were obtained from excavation of residual soils in the upper
portion of the service water reservoir cut areas and generally consist of fine sandy silt with a low
permeability.

The sand and coarse filters were obtained from a commercial source meeting gradation
requirements, as shown on Figure 3.8-54. This gradation was established in accordance with
universally accepted quantitative criteria developed in extensive studies by the United States
Corps of Engineers, the United States Bureau of Reclamation, and other researchers. The results
of these studies have demonstrated conclusively that properly designed filters provide complete
protection against piping (Reference 31).

Rockfill for the construction of the downstream shell was obtained from the excavation of
granite gneiss. The material is generally well graded, hard, angular, durable, and very pervious.
Rockfill material was processed before placement to be sufficiently free of fines to ensure a
free-draining downstream rock shell of maximum strength.

Another major source of piping failures has been along conduits built into or under an
embankment. Such a failure will not be possible in the case of the North Anna service water
reservoir because all service water piping was brought above the normal saturation level within
the core section of embankment. Nor can a piping failure develop at the juncture of the
impervious core and the pump house, as this structure is located completely within the reservoir
and is totally surrounded by the select earth-lining material, which is plastic in nature.

3.8.4.7.4 Slide Failures

Calculated factors of safety for all operating conditions of the service water reservoir are
given in Table 3.8-14. The strength parameters used in the stability analyses are listed in
Table 3.8-13 and are considered conservative. The total, effective, and consolidation stress
strength parameters selected for impervious core materials and foundation soils were lower
bounding values from results of several controlled, undrained triaxial shear tests with pore
pressure measurements. These tests were performed under careful supervision using the most
advanced techniques and equipment, and the results are considered reliable. The strength
parameters for the relic joint material were selected after reviewing pertinent mineralogical
literature. The values used for design were based on laboratory tests run by Horn and Deere
(Reference 18). Strength parameters selected for sand and gravel filter materials as well as the
compacted rock shell are also considered conservative. Values for angle of internal friction, Ø, for
well-graded sand and gravel mixtures compacted to a relative density greater than 70% are
typically 40 to 45 degrees, and for well-graded compacted rock, 45 to 50 degrees or more. Thus
the input to the stability analysis is conservative.

An additional conservatism used in the stability analysis is the input with respect to pore
pressures. Pore pressures that exist within an embankment at any given time are generated as the
result of two actions that can be considered independent for practical purposes: gravity seepage
flow, and changes in pore volume due to changes in total stress. The stability of the dike slopes for
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the full-reservoir steady-state flow condition was analyzed using the effective stress method of
analysis, and the pore pressures assumed to be acting were those governed by gravity flow
through the embankment. However, for most well-compacted embankment materials, such as
those specified for construction of the service water reservoir dikes, this approach is conservative,
since shear strains, which may be imposed on the embankment after construction is completed
and the reservoir is full, cause the soil to dilate and to reduce the pore water pressures temporarily.
This dilation also imparts an apparent cohesion to granular materials; thus, factors of safety
reported for downstream full-pool conditions under dynamic loading must be considered very
conservative. The triaxial tests have clearly shown these soils to be strongly dilative when
sheared.

The factors of safety reported in Table 3.8-14 are based on several hundred calculations
using very sophisticated analytical procedures. In all cases, the factors of safety computed using
extremely conservative input demonstrate that foundation and embankments are not overstressed
in shear and, in fact, exceed factors of safety considered satisfactory for earth and rockfill dams
several hundred feet in height.

3.8.4.7.5 Other Sources of Failure

The compactive effort and moisture content range specified for placement of compacted
impervious fill are such that settlement will not occur during saturation of the embankment.

Slope protection is provided to and on the crest to protect the dike against breaching during
a major storm.

An additional source of potential failure that has been considered is that of intentional
sabotage. To cause a failure that would result in loss of cooling water, a section of the impounding
dike would have to be breached. Considering the size of breach required to cause complete loss of
the Service Water Reservoir, the compacted rock fill shell covering the dike, and the amount of
explosives needed using commercially available high-density gelatin dynamites, it is not
considered credible for such a sabotage attempt to occur unnoticed and unprevented.

To provide additional conservatism for flooding protection of the station, an emergency dike
and intercepting channel has been constructed on the south side of the station. The channel is
sized to safely divert the flow from a triangular breach in the Service Water Reservoir wall with
the apex at the bottom line of the reservoir and the breach assumed to be instantaneous. The
calculated flow through this assumed breach would be approximately 800 cfs. For design
purposes, the flow was assumed to be 1000 cfs.

3.8.4.7.6 Construction of Reservoir

Construction of the service water reservoir dike and lining was closely controlled to ensure
conformance with specifications and design objectives.
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An extensive quality control program was carried out to ensure the quality of the
constructed embankment and select earth lining. Special provisions relating to the embankment
construction are summarized as follows:

1. The borrow areas were inspected daily to detect moisture conditions, deleterious materials,
and any obvious changes in borrow material properties.

2. Continuous inspection was made to determine the need for excavation, including unsuitable
foundation materials and compacted embankment materials not meeting specified
requirements.

3. Continuous inspection was made of fill material quality and properties.

4. Continuous inspection was made of fill placement methods and procedures.

5. Testing was conducted daily to evaluate fill compaction and moisture content. The measured
results were compared with specified requirements, and removal, reworking, or additional
compaction was required when compaction or moisture content did not meet specified
requirements.

A high standard of moisture and compaction control was achieved for the earth dike
embankment and reservoir lining. The cumulative results of compaction and moisture variation
within the completed embankment are presented in the form of a histogram of test results for
compacted select earth lining, shown on Figures 3.8-55 and 3.8-56, and for impervious fill, shown
on Figures 3.8-57 and 3.8-58.

3.8.4.7.7 Instrumentation of Dikes

A program of combining surveillances has been established to monitor the settlement of
centerline crest of the dike and the pore water pressure at selected locations to determine the
long-term steady-state seepage conditions.

The locations of past and current instrumentation and monitoring devices used in
monitoring the performance of the dike are shown on Figures 3.8-31 and 3.8-32, respectively. A
summary of the monitoring program currently followed and the evaluation of data made is
presented in Table 3.8-17 and in Section 3.8.4.8. The current monitoring program was modified
based on findings presented in References 34, 38, and 39.

3.8.4.8 Reservoir Loss Monitoring

A direct measurement of the leakage from the service water reservoir is not possible. Such a
system would require that all seepage water be intercepted and collected by underdrains, and all
normal ground-water flow be excluded from the collectors. Collectors located near the reservoir
bottom or dike toe would collect ground water but would be of limited effectiveness, since they
could be bypassed by some seepage tending to move to the lower ground-water table. A deep
collector system would gather reservoir seepage more effectively but would also receive unknown
quantities of ground-water inflow.



Revision 43—09/27/07 NAPS UFSAR 3.8-94
 

Piezometers can indicate changes in seepage rates but do not provide a means of measuring
actual seepage quantities. Leakage rates predicted are on the order of only 1.5% of total expected
water losses due to spray evaporation, surface evaporation, and spray drift. This calculated
seepage rate is confirmed by more recent analyses (Report on Geotechnical Investigations of
Service Water Reservoir, dated December 23, 1975), which considered outflow both with liner
intact and with a portion of the liner removed. It was estimated that seepage losses with liner
intact would be approximately 0.36 gpm per 100 ft of effective dike length, and that with a
50-foot-wide liner strip parallel to the dike removed (representing approximately 18% of the
Service Water Reservoir area), seepage rates would be approximately 0.60 gpm per 100 ft, an
increase of only 66%.

However, seepage losses under this postulated severe condition would still total only 2.3%
of total expected normal losses, which is insignificant. Seepage in quantities that would threaten
either the integrity of the dike or the Service Water Reservoir balance would be detectable by
visual inspection of the dikes and surrounding ground.

Service Water Reservoir Loss-Monitoring Procedure

The loss evaluation shall be based on an established time interval and include the reservoir
inventory based on the reservoir levels, rainfall, makeup and blowdown information during the
interval.

Data for calculating the loss from the SW reservoir shall be obtained and recorded with
frequency specified in the Technical Requirements Manual.

3.8.4.9 Current Frequency for Monitoring of Settlement and Groundwater Levels

Extensive monitoring has been performed since the issuance of the Operating License for
Unit 1. This monitoring has provided a large data base which has been used to establish trends
related to performance of the SWR, pumphouse, and their components.

Evaluation of this data base has led to applying a single 6-month frequency to all
monitoring retained and deletion of certain monitoring. Details are contained in Reference 34.

3.8.5 Settlement of Service Building

Monitoring of the settlement of all Class I structures was initially required by Technical
Specifications. Total settlement of the west end of the service building and differential settlement
of the service building with respect to the main steam valve house/quench spray pump house are
the only settlements in the main plant that are currently being monitored. The service water lines
run beneath the structures which limits the amount of differential settlement allowed between the
buildings.
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3.8.5.1 Background

The western end of the service building (especially in the area of the four emergency
diesel-generator rooms) is underlain by a variable thickness of compressible, soil-like,
decomposed rock called “saprolite.”

Figure 3.8-59 shows a plan of this area, together with column lines and the locations of
pertinent settlement monitoring points. Under the southern wall of the service building (along the
E Line), the saprolite may be as much as 15 feet thick, whereas it may be 20 feet thick or more
under the northern wall (along the C Line, 68 feet north of the E Line). The presence of this
compressible material has resulted in settlement of the service building to the west of the 10 Line
and especially from the 14 Line to the 17 Line.

3.8.5.2 Settlement Record

The record of differential settlement between the service building, the Unit 2 Quench Spray
Pump House (QSPH), and the main steam valve house (MSVH) has been kept since July 1977.
The 24-inch diameter service water lines run between buildings at this point. The variability in the
elevations of the two structures does not reflect their individual behavior but, rather, the
inaccuracies of measurements from one survey to the next. Regardless of this variability, the
difference between the two changes in elevation for each survey is a valid measure of the
differential settlement between the two points, as long as both elevations are measured from the
same position of the surveying instrument, or at least from two positions separated by a minimum
number of turns. Since November 1992, the differential settlement between the two building has
been determined by direct survey measurement utilizing a single instrument set-up.

3.8.5.3 Service Water Piping

As described previously, the safety-related piping affected by the differential settlement
consists of four buried service water lines running southerly from beneath the service building,
under the 25-foot-wide roadway, and through the northern wall of the main steam valve house.
These four buried lines are 24-inch-diameter, carbon steel pipes encased in reinforced concrete.
The line members for this piping are identified as 24-WS-426, 428, 434, 436-151-Q3.

The remedial action taken in April 1977 to improve the stress conditions consisted of
permanently removing a portion of the concrete encasement adjacent to the main steam valve
house, cutting the pipes, and then rewelding. For input to the pipe stress analysis at that time, the
future differential settlement from April 1977 was assumed to be 3/8 inch (0.031 foot). This
additional settlement resulted in a calculated stress due to total differential settlement in the
service water lines of 39,285 psi, as compared to an allowable stress for this load case of
3Sc = 45,000 psi.

As can be seen from Table 3.8-18, a differential settlement of 9/16 inch (0.047 foot) from
April 1977 is required to develop a stress of 44,176 psi, which more closely approaches but does
not exceed the allowable stress of 45,000 psi. The analysis to calculate the capacity of the piping
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to withstand this 50% additional differential settlement is performed without any change to the
analytical model and assumptions for the analysis that was performed earlier. The linear
extrapolation performed to more closely approach the allowable stress is valid for this analytical
model.

3.8.5.4 Conclusions

As demonstrated above, the current differential settlement between the service building and
the MSVH/QSPH does not require any immediate remedial action. The differential settlement has
essentially stabilized. However, monitoring of movement between the two buildings will continue
to assure that the differential settlement between them will not exceed 9/16-inch (0.047 foot).

3.8.6 Flood Protection Dike

3.8.6.1 Description of Dike

The earthen flood protection dike west of the Unit 2 turbine and service buildings was built
to a crest elevation of approximately 271.0, with side slopes that are 2.0 horizontal to 1 vertical or
2.5 horizontal to 1 vertical. In order to provide storm drainage to the area between the dike and the
Unit 2 turbine building, a drainpipe was installed within the dike. Station requirements exist that
the valve in this drainage pipe be closed when the lake level exceeds Elevation 252.0.

3.8.6.2 Design Basis

Analyses were performed to determine the stability of the upstream and downstream slopes
for the condition at the completion of construction as well as the condition where the water level
on the outside of the dike has reached the PMF lake level of Elevation 264.2. In both cases, the
dike was found to have adequate factors of safety.

3.8 REFERENCES

1. NRC Bulletin 80-11, Masonry Wall Design, Nuclear Regulatory Commission, Office of
Inspection and Enforcement, May 8, 1980.

2. Underground Corrosion, U.S. Department of Commerce, National Bureau of Standards
Circular 579, issued April 1957

3. E. B. Rosa, B. McCollum and O. S. Peters, Electrolysis in Concrete, Tech. Paper BS T18,
1913.

4. B. McCollum and G. M Aoburn Special Studies in Electrolysis Mitigation-II, Tech. Paper BS
T54, 1916.

5. P. E. Grafton and D. R. Strome, Analysis of Axisymmetrical Shells by the Direct Stiffness
Method.



Revision 43—09/27/07 NAPS UFSAR 3.8-97
 

6. T. H. Percy, T. H. H. Pian, S. Klein, and D. R. Navaratna, Application of Matrix
Displacement Method to Linear Elastic Analysis of Shells of Revolution, AIAA Paper
No. 65-142, January 1965.

7. J. L. Sanders, Jr., An Improved First-Approximation Theory for Thin Shells, NASA Technical
Report R-24.

8. B. Budiansky and P. P. Radkowski, Numerical Analysis of Unsymmetrical Bending of Shells
of Revolution, AIAA Journal, 1, 1833, August 1963.

9. G. Greenbaum, Comments on Numerical Analysis of Unsymmetrical Bending of Shells of
Revolution, AIAA Journal, 2, 590, March 1964.

10. Timoshenko and Weinowsky-Krieger, Theory of Plates and Shells.

11. P. Gondikas and M. G. Salvadori, Wind Stresses in Domes, J. of the Engineering Mechanics
Division, A.S.C.E., October 1960.

12. Stone & Webster Engineering Corporation, Nuclear Containment Structure Access
Openings.

13. Stone & Webster Engineering Corporation, Report on Design and Stability of North Anna
Dam for Virginia Electric and Power Company, May 7, 1971.

14. A. W. Bishop, The Use of the Slip Circle in the Stability Analysis of Earth Slopes,
Geotechnique, Vol. 5, pp. 7-17, 1955.

15. H. B. Seed and R. V. Whitman, Design of Earth Retaining Structures for Dynamic Loads,
Lateral Stresses in the Ground and Design of Earth Retaining Structures, Specialty
Conference, ASCE, SM&FD, Cornell University, Ithaca, N.Y., June 1970.

16. H. M. Westergaard, Water Pressure on Dams During Earthquakes, Trans. ASCE, Vol. 98,
pp. 418-433.

17. Dames & Moore, Report, Site Environmental Studies, Proposed North Anna Power Station,
Louisa County, Virginia, Virginia Electric and Power Company. This report was previously
submitted to the Atomic Energy Commission as Appendix A of the North Anna Preliminary
Safety Analysis.

18. H. M. Horn and D. U. Deere, Frictional Characteristics of Minerals, Geotechnique, Vol. 12,
1962.

19. N. M. Newmark, Effects of Earthquakes on Dams and Embankments, Geotechnique, The
Institution of Civil Engineers, London, Vol. 15, No. 2, June 1965.

20. Letter, Vepco to NRC, and enclosures therewith, dated September 8, 1978
(Serial 434A/447A).



Revision 43—09/27/07 NAPS UFSAR 3.8-98
 

21. D. F. Shave and W. G. Whiter, Jr., NUPIPE Computer Code for Stress Analysis of Nuclear
Piping, program description and user’s manual. Stone & Webster Engineering Corporation,
1974.

22. J. P. DerHartog, Advanced Strength of Materials, McGraw-Hill, 1952.

23. Roark, Formulas for Stress and Strain, 4th edition, p. 273, eq. 17 and 18. McGraw-Hill,
1965.

24. Materials Analysis Report, Ladish Co., order no. 3102/74 Code DM4Y, heat no. 80200-646.

25. J. N. Luthin, Drainage Engineering, John Wiley and Sons, New York, 1966.

26. Johnson Division, Groundwater and Wells, Johnson Division of Universal Wells Products,
St. Paul, Minnesota, 1972.

27. M. D. Campbell and J. H. Lehr, Water Well Technology, McGraw-Hill, New York, 1973.

28. T. A. Middlebrooks, Earth Dam Practice in the United States, Transactions, American
Society of Civil Engineers, Centennial Vol., 1953.

29. J. L. Sherarad, R. J. Woodward, S. F. Gizienski, and W. A. Clevenger, Earth; Earth-Rock
Dams, John Wiley & Sons, New York, 1963.

30. G. H. Leonards and J. Narain, Flexibility of Clay and Cracking of Earth Dams, Journal of
Soil Mechanics and Foundation Division, ASCE, March 1963.

31. G. E. Bertram, An Experimental Investigation of Protective Filters, Harvard University Soil
Mechanics Series, No. 7, January 1940.

32. Letter, Vepco to NRC, and enclosures therewith, dated May 5, 1976 (Serial No. 013).

33. Stone & Webster Engineering Corporation, Electrical Penetration Protection - Control
Circuits (Primary and Secondary) and Electrical Penetration Protection - Power Circuits
(Primary and Secondary). Design Change 81-S21B, Design Change 89-02-2.

34. Virginia Power, Report on Monitoring of Settlement and Groundwater Level at Service Water
Reservoir, North Anna Power Station, Units 1 and 2, dated February 1983.

35. Report, DBA/Irradiation Testing of Coating Materials/to be used for the repair of existing
coating/systems within primary containment/Virginia Power North Anna and Surry Stations,
KTA - Tator, Inc., 3/1/85.

36. Virginia Power, Report of Inservice Inspection, Service Water Reservoir, North Anna Power
Station, dated May 1988.

37. Virginia Power, Technical Report No. CE-0019, Evaluation of Settlement Monitoring
Program for Main Plant Structures in Support of Proposed Changes to Technical
Specification 3/4.7.12, dated September 1989.



Revision 43—09/27/07 NAPS UFSAR 3.8-99
 

38. Special Report to the NRC, Serial No. 96-561, Service Water Reservoir Groundwater Level
Evaluation, NP-3141, December 10, 1996.

39. Letter to the NRC, Serial No. 97-682, Response to the Dam Safety Audit Related to
Category I Service Water Reservoir Dam, January 28, 1998.

40. Bechtel Specification 24841-120-C-101, Technical Specification for Material Testing
Services, Rev. 4.

41. Bechtel Specification 24841-120-C-303, Technical Specification for Purchase of Reinforcing
Steel, Rev. 1.

42. Bechtel Specification 24841-120-C-304, Technical Specification for Placement of
Reinforcing Steel, Rev. 1.

43. Bechtel Specification 24841-120-C-309, Technical Specification for Purchase of Cadweld
Rebar Splices, Rev. 0.

44. Bechtel Specification 24841-120-C-310, Technical Specification for Installation of Cadweld
Rebar Splices, Unit 2, Rev. 0; Unit 1, Rev. 1.

45. Bechtel Specification 24841-120-C-321, Technical Specification for Purchase of Ready Mix
Concrete Qualified as Safety-Related, Rev. 6.

46. Bechtel Specification 24841-120-C-322, Technical Specification for Placement of Ready Mix
Concrete Qualified as Safety-Related, Rev. 2.

47. Bechtel Specification 24841-120-C-502, Technical Specification for Purchase of Non-Safety
Related and Safety Related Structural Steel and Materials, Unit 2, Rev. 1; Unit 1, Rev. 2.

48. Special Processes Manual for North Anna 2 Nuclear Power Station RPV Head Replacement
Project, Bechtel Job 24841, Unit 2, Rev. 3; Unit 1, Rev. 4.

49. Letter from Leon B. Engle, NRC, Office of Nuclear Regulatory Regulation, Masonry Wall
Design, IE Bulletin 80-11 North Anna Power Station Unit Nos. 1 and 2 (NA-1&2) (TAC
No. 42895), August 12, 1988, Serial No. 88-552.

50. Letter from Leon B. Engle, NRC, Office of Nuclear Regulatory Regulation, Safety
Evaluation Masonry Wall Design, IE Bulletin 80-11, North Anna Power Station Units No. 1
and No. 2 (NA-1&2) (TAC No. 42895), September 7, 1989.
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3.8 REFERENCE DRAWINGS

The list of Station Drawings below is provided for information only. The referenced drawings are 
not part of the UFSAR. This is not intended to be a complete listing of all Station Drawings 
referenced from this section of the UFSAR. The contents of Station Drawings are controlled by 
station procedure.

Drawing Number Description

1. 11715-FP-5Y Service Water Reservoir, Spray Pipe Support and Concrete Pad 
Locations, Sheet 2

12180-FZ-19D Service Water Reservoir, Spray Pipe Support and Concrete Pad 
Locations, Sheet 2

2. 11715-FP-5X Service Water Reservoir, Spray Pipe Support and Concrete Pad 
Locations, Sheet 1

12180-FZ-19C Service Water Reservoir, Spray Pipe Support and Concrete Pad 
Locations, Sheet 1

3. 11715-FM-1A Machine Location: Reactor Containment, Plan, Elevation 291'- 
10", Unit 1

4. 11715-FM-1B Machine Location: Reactor Containment, Plan, Elevation 262'- 
10", Unit 1

5. 11715-FM-1C Machine Location: Reactor Containment, Plan, Elevation 241'- 
0", Unit 1

6. 11715-FM-1D Machine Location: Reactor Containment, Plan, Elevation 216'- 
11", Unit 1

7. 11715-FM-1E Machine Location: Reactor Containment, Sections 1-1 & 5-5, 
Unit 1

8. 11715-FM-1F Machine Location: Reactor Containment; Sections 2-2, 6-6, 
7-7, & 10-10; Unit 1

9. 11715-FM-1G Machine Location: Reactor Containment, Sections 3-3 & 4-4, 
Unit 1

10. 11715-FY-1B Site Plan, Units 1 & 2

11. 11715-FP-5AM Service Water Valve House Piping, Plan and Sections, Units 1 
& 2

12. 11715-FP-5AN Service Water Valve House Piping, Plan and Sections, Units 1 
& 2
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13. 11715-FE-35A Arrangement: Electrical Penetrations, Reactor Containment, 
Unit 1

12050-FE-35A Arrangement: Electrical Penetrations, Reactor Containment, 
Unit 2

Drawing Number Description
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The following information is HISTORICAL and is not intended or expected to be updated 
for the life of the plant.

Table 3.8-1
REACTOR CONTAINMENT PRIMARY SHIELD WALL CONCRETE 

COMPRESSIVE STRENGTHS BASED ON 28-DAY CYLINDER TESTS

Location Pour Mix Test
28-Day

psi

Moving 3
Avg.(Min.)

(psi)
Low 
(psi) Remarks

Unit 1
214 ft. 5 in. to
222 ft. 6 in.

P950 1BK 333 3979 4002 3867

222 ft. 6 in. to
228 ft. 6 in.

P989 1BK 340 4256 4000 3696 P993 
actual

228 ft. 6 in. to
235 ft. 6 in.

P103B 1BK 353 3625 3839 3625 P1019 
actual

235 ft. 6 in. to
243 ft. 0 in.

(Pour records not available; use f'c = 3000 psi)

243 ft. 0 in. to
247 ft. 4 in.

P1412 1BK 562 4280 4224 3748

247 ft. 4 in. to
252 ft. 10 in.

P1466 1BK 584 4191 4341 4191

252 ft. 10 in.to
257 ft. 10 in.

P1735 1BK 633 4321 4396 4321

257 ft. 10 in.to
262 ft. 10 in.

P1953 11A 93 5264 5396 5264

Unit 2
214 ft. 5 in. to
222 ft. 6 in.

P1167 1BK 423 4144 3759 3537

222 ft. 6 in. to
228 ft. 6 in.

P1212 1BK 448 3932 3908 3796

228 ft. 6 in. to
235 ft. 6 in.

P1242 1BK 488 3842 3799 3701

235 ft. 6 in. to
243 ft. 0 in.

(Pour records not available; use f'c = 3000 psi)

243 ft. 0 in. to
252 ft. 10 in.

P1970 17A 211 4350 4464 4350

252 ft. 10 in.to
257 ft. 10 in.

P2176 11A 135 5694 6003 5694

257 ft. 10 in.to
262 ft. 10 in.

P2706 11A (Not available; use f'c = 3000 psi)

Notes: See notes appended to Table 3.8-6.
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The following information is HISTORICAL and is not intended or expected to be updated for 
the life of the plant.

Table 3.8-2
REACTOR CONTAINMENT PRESSURIZER CUBICLE FLOOR SLAB

(262 FT. 10 IN.) AND CRANEWALL CONCRETE COMPRESSIVE STRENGTHS
BASED ON 28-DAY CYLINDER TESTS

Location
Date 
Pour Mix Test

28-Day
psi

Moving 3
Avg.(Min.)

(psi)
Low 
(psi) Remarks

Unit 1 Cranewall
279 ft. 10 in. to
287 ft. 10 in.

7-20-72
2029

11A 105 5535 5568 5535

269 ft. 10 in. to
297 ft. 10 in.

5-24-72
1850

11A 172 5046 4841 4716 Not 
actual 
pour

262 ft 10 in. to
269 ft 10 in.

4-10-72
1743

17A 117 4898 4442 4144

Slab
262 ft 10 in. 3-31-72

1711
17A 110 4439 4327 4056

Unit 2 Cranewall
279 ft 10 in. to
287 ft 10 in.

12-5-73
2672

11A 227 6001 5763 5394

269 ft 10 in. to
279 ft 10 in.

11-13-73
2594

11A 209 5983 5928 5665

262 ft 10 in. to
269 ft. 10 in.

11-6-72
2553

11A 202 6019 5675 5924 Not 
actual 
pour

Slab
262 ft. 10 in. 10-23-72

2464
11A 188 5318 5722 5317

Notes: See notes appended to Table 3.8-6.
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The following information is HISTORICAL and is not intended or expected to be updated 
for the life of the plant.

Table 3.8-3
REACTOR CONTAINMENT STEAM GENERATOR/PRESSURIZER

CUBICLE RADIAL WALL CONCRETE COMPRESSIVE STRENGTHS
BASED ON 28-DAY CYLINDER TESTS

Location Pour Mix Test
28-Day

(psi)

Moving 3
Avg.(Min.)

(psi)
Low 
(psi) Remarks

Unit 1
Cubicle A 11-9-71

1267
11A 8 4815 4907 4149

Cubicle A 11-24-71
1301

1BK 534 3902 4369 3902

Cubicle A 12-16-71
1374

1BK 549 4097 4098 3884

Cubicle A 1-7-72
1410

1BK 559 3842 4136 3842

Cubicle A 2-10-72
1473

17A 33 4775 4854 4757 Not 
actual 
pour 

(1499)
Cubicle A  3-1-72

1570
17A 54 4846 4372 4132

Cubicle A 3-16-72
1630

17A 84 4545 4437 4132 Not 
actual 
pour 

(1633)
Cubicle A 4-13-72

1754
1BK 634 4356 4384 4286

Cubicle A  6-7-72
1903

17A 183 5258 4839 4474

Cubicle B 11-19-71
1305

11A 13 4668 4840 4662

Cubicle B 12-8-71
1354

1BK 539 4510 4215 3919 Not 
actual 
pour 

(1347)
Cubicle B 12-14-71

1369
1BK 545 4227 4093 3884 Not 

actual 
pour 

(1351)
Cubicle B 1-10-72

1396
1BK 561 4421 4136 3842
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Unit 1 (continued)
Cubicle B 2-16-72

1524
17A 37 5435 5085 4061

Cubicle B 3-1-72
1578

17A 56 4132 4372 4132

Cubicle B 3-16-72
1630

17A 84 4595 4437 4132 Not 
actual 
pour 

(1633)
Cubicle B 5-10-72

1809
11A 63 5830 5608 5023

Cubicle B 6-16-72
1937

11A 89 6077 5823 5382

Cubicle C 12-3-71
1342

11A 18 5223 4855 5504

Cubicle C 12-14-71
1369

1BK 545 4227 4093 3884

Cubicle C 1-19-72
1441

1BK 574 4840 4846 4209

Cubicle C 2-23-72
1541

17A 41 4522 4207 4038

Cubicle C 3-10-72
1609

17A 72 5695 5180 4009 Not 
actual 
pour 

(1611)
Cubicle C 5-15-72

1822
11A 71 5205 5262 5046

Cubicle C 6-28-72
1961

11A 96 4733 5496 4733 Not 
actual 
pour 

(1960)

The following information is HISTORICAL and is not intended or expected to be updated 
for the life of the plant.
Table 3.8-3  (continued) 

REACTOR CONTAINMENT STEAM GENERATOR/PRESSURIZER
CUBICLE RADIAL WALL CONCRETE COMPRESSIVE STRENGTHS

BASED ON 28-DAY CYLINDER TESTS

Location Pour Mix Test
28-Day

(psi)

Moving 3
Avg.(Min.)

(psi)
Low 
(psi) Remarks
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Unit 2
Cubicle A 3-29-72

1697
1BK 613 4474 4480 4339

Cubicle A 4-7-72
1738

1BK 630 4657 4079 3732

Cubicle A 4-24-72
1788

11A 57 5900 5629 5376

Cubicle A  8-7-72
2096

11A 122 5918 5641 5341

Cubicle A 6-28-72
1961

17A 202 4816 4164 3749

Cubicle A 7-19-76
2001

17A 236 5010 4509 4197

Cubicle Ba 5-12-72
1820

11A 69 5211 5391 5205

Cubicle B  2-6-73
2926

11A (No cylinder taken for 11A this date)

Cubicle B 2-13-73
2940

11A 274 6083 6132 5924 Not 
actual 
pour 

(2941)
Cubicle B 2-13-73

2940
11A 274 6083 6132 5924

Cubicle B 2-21-73
2981

11A 284 6861 5946 4727 Not 
actual 
pour 

(2902)
Cubicle B 2-21-73

2981
11A 284 6861 5946 4727

Cubicle B 5-17-72
1828

11A 75 5423 5239 5046 Not 
actual 
pour 

(1834)
a. One of the two radial walls of steam generator cubicles B and C, in each reactor containment, also 

constitutes the pressurizer cubicle radial wall, i.e., they share a common wall with the pressurizer 
cubicle.

The following information is HISTORICAL and is not intended or expected to be updated 
for the life of the plant.
Table 3.8-3  (continued) 

REACTOR CONTAINMENT STEAM GENERATOR/PRESSURIZER
CUBICLE RADIAL WALL CONCRETE COMPRESSIVE STRENGTHS

BASED ON 28-DAY CYLINDER TESTS

Location Pour Mix Test
28-Day

(psi)

Moving 3
Avg.(Min.)

(psi)
Low 
(psi) Remarks
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Unit 2 (continued)
Cubicle B  6-9-72

1908
17A 184 5096 4885 4586 Not 

actual 
pour 

(1912)
Cubicle B  9-9-72

2251
11A 149 5529 5474 5099

Cubicle B 9-19-72
2301

17A 337 5399 5103 4674

Cubicle B 10-25-72
2485

17A 399 3961 4423 3961

Cubicle B 12-11-72
2696

11A 231 6378 5909 5394

Cubicle C 2-15-73
2940

11A 274 6083 6132 5924 Not 
actual 
pour 

(2939)
Cubicle Ca  6-1-72

1976
17A 178 4244 4252 4179 Not 

actual 
pour 

(1877)
Cubicle C  6-6-72

1893
17A 181 4474 4329 4179

Cubicle C 6-26-72
1752

17A 198 5612 4875 4350

Cubicle C  9-9-72
2250

11A 148 5706 5470 5187

Cubicle C 9-20-72
2209

17A 154 5117 4714 4486 Not 
actual 
pour 

(2300)
a. One of the two radial walls of steam generator cubicles B and C, in each reactor containment, also 

constitutes the pressurizer cubicle radial wall, i.e., they share a common wall with the pressurizer 
cubicle.

The following information is HISTORICAL and is not intended or expected to be updated 
for the life of the plant.
Table 3.8-3  (continued) 

REACTOR CONTAINMENT STEAM GENERATOR/PRESSURIZER
CUBICLE RADIAL WALL CONCRETE COMPRESSIVE STRENGTHS

BASED ON 28-DAY CYLINDER TESTS

Location Pour Mix Test
28-Day

(psi)

Moving 3
Avg.(Min.)

(psi)
Low 
(psi) Remarks
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Unit 2 (continued)
Cubicle C 11-6-72

2531
11A 201 5317 5486 5317 Not 

actual 
pour 

(2550)
Cubicle C 11-16-72

2606
11A 213 5104 5604 5104

Cubicle C 12-8-72
2695

11A 230 5954 5909 5394

Notes: See notes appended to Table 3.8-6.

The following information is HISTORICAL and is not intended or expected to be updated 
for the life of the plant.
Table 3.8-3  (continued) 

REACTOR CONTAINMENT STEAM GENERATOR/PRESSURIZER
CUBICLE RADIAL WALL CONCRETE COMPRESSIVE STRENGTHS

BASED ON 28-DAY CYLINDER TESTS

Location Pour Mix Test
28-Day

(psi)

Moving 3
Avg.(Min.)

(psi)
Low 
(psi) Remarks
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The following information is HISTORICAL and is not intended or expected to be updated for 
the life of the plant.

Table 3.8-4
REACTOR CONTAINMENT STEAM GENERATOR CUBICLE FLOOR SLAB 

(ELEVATION 242 FT. 6 IN.) CONCRETE COMPRESSIVE STRENGTHS BASED ON 
28-DAY CYLINDER TESTS

Location Pour Mix Test
28-Day

(psi)

Moving 3
Avg.(Min.)

(psi)
Low
(psi)

Unit 1
Cubicle A P1267 11A 8 4816 4907 4149
Cubicle A P1267 11A 7 5759 4737 4149
Cubicle B P1305 11A  12 5192 4840 4662
Cubicle B P1305 11A 13 4668 4840 4662
Cubicle B P1305 11A 14 4662 4840 4638
Cubicle C P1342 11A 20 4840 4855 4504
Cubicle C P1342 11A 19 4503 4855 4504
Cubicle C P1342 11A 18 5223 4855 4504

Unit 2
Cubicle A P1670 11A 48 5434 5673 5435
Cubicle A P1670 11A 49 6354 5932 4993
Cubicle A P1670 11A 50 6814 5734 4993
Cubicle B P1785 11A 58 5611 5340 5034
Cubicle B P1785 11A 59 5376 5340 5034
Cubicle B P1785 11A 60 5033 5340 5023
Cubicle C P1834 11A 77 5140 5590 5141
Notes: See notes appended to Table 3.8-6.
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The following information is HISTORICAL and is not intended or expected to be updated for 
the life of the plant.

Table 3.8-5
REACTOR CONTAINMENT CRANEWALL (ABOVE ELEVATION 291 FT. 10 IN.) 

CONCRETE COMPRESSIVE STRENGTHS BASED ON 28-DAY CYLINDER TESTS

Location Pour Mix Test
28-Day

(psi)

Moving 3
Avg.(Min.)

(psi)
Low 
(psi) Remarks

Unit 1
291 ft. 10 in. to
320 ft. 0 in.

 8-5-72
2085

11A 118 6007 5851 5723

291 ft. 10 in.t o
320 ft. 0 in.

 8-7-72
2086

11A 119 5723 5629 5341

291 ft. 10 in. to
320 ft. 0 in.

8-17-72
2152

11A 129 6166 5614 5205

291 ft. 10 in. to
320 ft. 0 in.

8-28-72
2194

11A 139 5606 5582 5223 Not 
actual 
pour291 ft. 10 in. to

320 ft. 0 in.
8-28-72

2195
11A 139 5606 5582 5223

291 ft. 10 in. to
320 ft. 0 in.

9-21-72
2310

11 160 6773 6321 5642

291 ft. 10 in. to
320 ft. 0 in.

9-23-72
2326

11 162 6413 6176 5983

291 ft. 10 in. to
320 ft. 0 in.

10-3-72
2375

11 169 6190 6017 5900

291 ft. 10 in. to
320 ft. 0 in.

11-17-72
2611

11 214 6343 5775 5104 Not 
actual 
pour

320 ft. 0 in. to top 8-24-72
2185

11A 137 6083 5802 5606

320 ft. 0 in. to top  9-1-72
2230

11 144 5169 5250 4704

320 ft. 0 in. to top 9-18-72
2292

11 156 5794 5735 5642

320 ft. 0 in. to top 9-28-72
2345

11 166 5612 5761 5541

320 ft. 0 in. to top 10-5-72
2384

11 173 5571 5916 5571

320 ft. 0 in. to top 10-11-72
2409

11 179 6838 6382 5912

320 ft. 0 in. to top 10-31-72
2521

11 198 5954 5698 5453

320 ft. 0 in. to top 11-6-72
2553

11 202 6019 5675 5317
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Unit 1 (continued)
320 ft. 0 in. to top 11-7-72

2556
11 203 5924 5753 5317

320 ft. 0 in. to top 11-10-72
2586 

11 206 6130 5977 5765

320 ft. 0 in. to top 11-10-72
2586

11 207 5765 5928 5765

320 ft. 0 in. to top 11-28-72 11 219 5747 5928 5747 Not 
actual 
pour

320 ft. 0 in. to top 12-18-72 11 240 5706 5826 5706 Not 
actual 
pour

320 ft. 0 in. to top 12-22-72 11 245 5641 5698 5511 Not 
actual 
pour

Unit 2
291 ft. 10 in. to 320 
ft. 0 in.

1-25-73
2855

11 264 6543 6234 5736

291 ft. 10 in. to 320 
ft. 0 in.

1-25-73
2856

11 264 6543 6234 5736 Not 
actual 
pour

291 ft. 10 in. to 320 
ft. 0 in.

1-25-73
2858

11 264 6543 6234 5736 Not 
actual 
pour

291 ft. 10 in. to
320 ft. 0 in.

2-6-73
2913

11 (No cylinders taken this date)

291 ft. 10 in. to
320 ft. 0 in.

2-7-73
2912

11 (No cylinders taken this date)

291 ft. 10 in. to
320 ft. 0 in.

2-16-73
2952

11 277 6119 5690 5028

291 ft. 10 in. to
320 ft. 0 in.

2-20-73
2955

11 279 6054 5733 5028

291 ft. 10 in. to
320 ft. 0 in.

3-6-73
3020

11 295 5841 5800 5376

The following information is HISTORICAL and is not intended or expected to be updated for 
the life of the plant.

Table 3.8-5 (continued) 
REACTOR CONTAINMENT CRANEWALL (ABOVE ELEVATION 291 FT. 10 IN.) 

CONCRETE COMPRESSIVE STRENGTHS BASED ON 28-DAY CYLINDER TESTS

Location Pour Mix Test
28-Day

(psi)

Moving 3
Avg.(Min.)

(psi)
Low 
(psi) Remarks



Revision 43—09/27/07 NAPS UFSAR 3.8-112
 

Unit 2 (continued)
291 ft. 10 in. to
320 ft. 0 in.

3-15-73
3066

11 305 5724 5967 5724

291 ft. 10 in. to
320 ft. 0 in.

3-15-73
3066

11 306 6236 5967 5724

320 ft. 0 in. to top 2-16-73
2952

11 277 6119 5690 5028

320 ft. 0 in. to top 2-23-73
2995

11 286 5924 5397 5034

320 ft. 0 in. to top 3-2-73
3010

11 292 5824 5783 5682 Not 
actual 
pour

320 ft. 0 in. to top 3-9-73
3037

11 297 6531 6097 5841 Not 
actual 
pour

320 ft. 0 in. to top 3-13-73
3051

11 303 6549 6303 5724

320 ft. 0 in. to top 3-19-73
3079

11 311 6655 5735 5205

320 ft. 0 in. to top 3-26-73
3098

11 313 6243 5771 5511

320 ft. 0 in. to top 3-26-73
3102

11 314 5559 5771 5511

320 ft. 0 in. to top 3-29-73
3136

11 319 6614 6085 5706

320 ft. 0 in. to top 4-3-73
3151

11 323 5323 5928 5323

320 ft. 0 in. to top 4-6-73
3170

11 325 6207 6068 5323 Not 
actual 
pour

320 ft. 0 in. to top 4-9-73
3177

11 326 5824 6235 5824 Not 
actual 
pour

320 ft. 0 in. to top 4-16-73
3220

11 336 6313 6097 5553

Notes: See notes appended to Table 3.8-6.

The following information is HISTORICAL and is not intended or expected to be updated for 
the life of the plant.

Table 3.8-5 (continued) 
REACTOR CONTAINMENT CRANEWALL (ABOVE ELEVATION 291 FT. 10 IN.) 

CONCRETE COMPRESSIVE STRENGTHS BASED ON 28-DAY CYLINDER TESTS

Location Pour Mix Test
28-Day

(psi)

Moving 3
Avg.(Min.)

(psi)
Low 
(psi) Remarks
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The following information is HISTORICAL and is not intended or expected to be updated for 
the life of the plant.

Table 3.8-6
SPENT-FUEL RACK EMBEDMENT CONCRETE COMPRESSIVE STRENGTHS 

BASED ON 28-DAY CYLINDER TESTS

Location Pour Mix Test
28-Day

(psi)

Moving 3
Avg.(Min.)

(psi)
Low 
(psi) Remarks

Unit 2 (continued)
320 ft. 0 in. to top 4-19-73

3235
11 342 5995 5767 5553

Pour 1 6-12-72
1918

17A 186 4969 4885 4586

Pour 1 6-12-72
1918

17A 187 5570 5042 4586

Pour 1 6-12-72
1918

17A 188 5175 4973 4315

Pour 4 8-12-72
2123

17A 282 5010 5195 5010

Pour 4 6-12-72
2123

17A 285 5240 5077 4993

Pour 4 6-12-72
2123

17A 286 4999 4928 4792

Notes: Tabulated information for concrete pours is listed under various headings as 
follows.

Location: Under this heading is a brief description of the limits of the pour as defined by 
elevations or other appropriate references.

Pour: This is the number assigned by the field forces to the concrete placed in the 
location of interest, except as noted under Remarks.

Mix: This is the number assigned to the specific approved mix (proportions) used for 
the pour.

Test: This is the number assigned to a set of cylinders taken from a given pour for 
compressive testing.

28-Day: This is the average 28-day compressive strength based on three 28-day cylinder 
breaks from the set.

Moving 3
Average: This is the average of any three consecutive tests of which the listed test is a part, 

as taken from computerized statistical analysis data.
Low: This is the lowest test value of any individual test within the data used to compute 

the moving 3 average.



Revision 43—09/27/07 NAPS UFSAR 3.8-114
 

Remarks: Entries in this column are generally made for the purpose of identifying pours 
which, because of their small volume, did not require a set of cylinders to be 
taken. The number given in the Pour column is for concrete placed in another 
location, but of the same type, supplied on the same day, by the same supplier, 
under comparable conditions. The number corresponding to the actual pour, 
which was not sampled, is provided in the Remarks column.

The following information is HISTORICAL and is not intended or expected to be updated for 
the life of the plant.

Table 3.8-6
SPENT-FUEL RACK EMBEDMENT CONCRETE COMPRESSIVE STRENGTHS 

BASED ON 28-DAY CYLINDER TESTS

Location Pour Mix Test
28-Day

(psi)

Moving 3
Avg.(Min.)

(psi)
Low 
(psi) Remarks
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Table 3.8-7
LOAD COMBINATIONS FOR LINER PLATE AND ACCESS OPENINGS

Category Load Combinations
Stress Allowables 
(Per ASME III Nomenclature)

Emergency D + Pd + Td + DBE Pm + Pb + Q < 3 Sm

Test D + 1.15 Pd Pm < 0.9 Sy
Pm + Pb < 1.35 Sy + “CAT” curve 
considerations, per NRL report 6900

Normal (Cyclic) D + Po + To + DBE Use method of paragraph N-415, 
Analysis for Cyclic Operation

Upset D + Pmin + Tmin Pm + Pb + Q < 3 Sm

Load Combinations for Anchors

Emergency D + Pd + Td 0.425 Sw (max shear)

Upset D + Pmin + Tmin 0.45 Sw (max tensile)

Notes:

 D = Dead load effect of reinforced-concrete structure acting on the liner, plus dead load of the 
liner, or, for access openings, dead weight of doors.

Pd = Design pressure (pressure resulting from design-basis accident plus safety margin).

Td = Load due to thermal expansion resulting when the liner is exposed to the design 
temperature.

DBE = Stresses in the liner derived from applying the effect of the design-basis earthquake.

Po = Differential pressure between operating pressure and atmospheric pressure (Po = 
5.2 psi). The design limit for operating pressure variations is 1500 cycles. The 
anticipated number of cycles (150) is based on 2.5 refueling cycles per year on a 
60-year span.

To = Load due to thermal expansion resulting when the liner is exposed to the differential 
temperature between operating and seasonal refueling temperatures. The design limit 
for operating temperature variations is 6000 cycles. The anticipated number of cycles 
(600) is based on 10 such variations per year on a 60-year span.

Pmin = Minimum pressure resulting during operation of the containment.

Tmin = Load due to thermal expansion resulting when the liner is exposed to the minimum 
pressure.

Sy = Yield strength of the material.

Sm = Basic allowable stress from ASME III.

Sw = Ultimate strength of anchor stud material.
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Table 3.8-8
LOAD COMBINATIONS FOR PIPING PENETRATIONS

Location Condition Load Combinations

Allowables
(Per ASME III
Nomenclature)

Shear lugs Design Tp Shear < 0.6 Sy
Bending < 0.9 Sy
Bearing on concrete
< 2400 psi

Sleeve and 
attachment plate

Design Mp or Tp or Jax Pm < 0.9 Sy
Pm + Pb < 0.9 Sy

Normal Mp + Pg Pm + Pb < 1.5 Sm

Normal Mp + Pg + Tg Pm + Pb + Q < 3 Sm

Juncture of pipe and 
attachment

Design Mp or Tp or Jax Pm < 0.9 Sy
Pm + Pb < 0.9 Sy

Normal Pg + Tg Pm + Pb + Q < 3 Sm

Notes:

Jax = Axial jet force = Pg times pipe inside area.

Tp = Yielding torque: produces stresses equal to the yield strength of the pipe material.

Mp = Yielding moment: produces stresses equal to the yield strength of the pipe material. 

Pg = Pipe internal design pressure.

Tg = Pipe design temperature.

Sy = Yield stress from ASME III.

Sm = Basic stress limit from ASME III.
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Table 3.8-9
CONTAINMENT STRUCTURAL LOADING CRITERIA

Loading Combination Required Load Capacity of Structure

Operating plus 1.5 DBA (1.0 ±0.05) D + 1.5 P + 1.0 (T + TL)

Operating plus DBA plus 1.5 OBE (1.0 ±0.05) D ± 1.0 P ± 1.0 (T + TL) + 1.5 E 

Operating plus DBA plus DBE (1.0 ±0.05) D + 1.0 P + 1.0 (T + TL) + 1.0 HE

Operating plus 1.25 DBA and 1.25 OBE (1.0 ±0.05) D + (1.25 P) + (T'+ TL') + 1.25 E

Operating plus tornado loading (1.0 ±0.05) D + 1.0T' + 1.0 C

Notes:

C = Load due to negative pressure and horizontal wind velocity resulting from tornado, 
including the effects of tornado-generated missiles. For description of tornado design 
criteria, refer to Section 3.3.

D = Dead load of structure, including effect of earth and hydrostatic pressures, buoyancy, 
ice, and snow loads. To provide for variations in the assumed dead load, the coefficient 
for the dead load components is adjusted by ±5% as indicated in the above formulas to 
provide the maximum stress levels.

P = Pressure load from DBA. DBA pressure will be 45 psig, as described in Section 15.4.

T = Load due to maximum temperature gradient through the concrete shell and mat based 
on temperature associated with 1.5 DBA pressure.

T' = Load due to maximum temperature gradient through the concrete shell and mat based 
on normal operating temperature.

TL = Load exerted by the exposed liner based upon temperature associated with 1.5 times 
DBA pressure.

T' = Load due to maximum temperature gradient through the concrete shell and mat based 
on temperatures associated with 1.25 times DBA pressure.

TL’ = Load exerted by the exposed liner based on temperatures associated with 1.25 times 
DBA pressure.

 T = Load due to maximum temperature gradient through the concrete shell and mat based 
on temperature associated with 1.0 times DBA pressure.

TL = Load exerted by the exposed liner based on temperature associated with 1.0 times DBA 
pressure.

E = Operational-basis earthquake loading. Based on a ground acceleration of 0.06 g 
horizontally at zero period and a damping factor of 2%. For description of the 
operational-basis earthquake refer to Section 2.5.

HE = Design-basis earthquake loading. Based on a ground acceleration of 0.12 g 
horizontally at zero period and a damping factor of 5%. For description of the 
design-basis earthquake, refer to Section 2.5.

Normal wind loadings replace earthquake loads where they exceed earthquake loadings. 
Normal wind or tornado loads are not considered coincident with earthquake loads. 
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Table 3.8-10
QUALIFIED COATINGS USED INSIDE CONTAINMENT

Product/Manufacturer
Dry Density

(pcf)
Surface

Area (ft2)
Approximate
DFT (mils) Surface Type

Qualified Steel Primers
Carbo Zinc 11 453 75,000 5.0 Containment
Carboline 453 20,000 5.0 Liner equipment
7107 Epoxy White 
Primer

215 100,000 3.0 Struc. and misc.

Keeler & Long, Inc. 215 25,000 3.0 Steel equipment
Qualified Steel Finish Coats

Corlar Epoxy 208 75,000 4.0 Containment
Chemical Resistant 
Enamel (gloss), E.I. 
duPont deNemours & 
Co. 
823-Line 208 20,000 4.0 Liner equipment
7475 Epoxy White 
Enamel

149 100,000 2.5 Struc. and misc.

Keeler & Long, Inc. 149 25,000 2.5 Steel equipment
Corlar Epoxy 208 130,000 4.0 Formed concrete
Chemical Resistant 
Enamel (gloss), E.I. 
duPont deNemours & 
Co. 
823-Line 208 20,000 6.0 Concrete flatwork
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Table 3.8-11
UNQUALIFIED COATINGS USED INSIDE CONTAINMENT

Product/Manufacturer, 
Unqualified Coatings

Surface Area
(ft2) Surface Type

Coatings applied by Stone and Webster
Alkyd enamel 1000 Elevator
Zinc chromate and alkyd enamel 150 Communications handsets
Chromox 13-R-50/Mobil 300 Uninsulated valves
Dimecote Primer #2/Amercoat 35 Transmitters
Lacquer 20 Sump pump
Zinc chromate 10 Sump pump
Alkyd enamel 25 Transfer pump
Carboline 4674/Carboline Co. 25 Transfer tank support
Zinc chromate and alkyd 10 Sampling pumps
Plasite 7155H/Wisconsin 
Protective Coating Corp.

215 Refueling seal ring-Unit 1

Organic zinc-based 1500 Cut and threaded areas of 
galvanized materials

Total area 3290 a

Paint Type
Manufacturer’s
Designation

Dry Film
Thickness

(mil)

Surface 
Area 

Covered 
(ft2)

Surface
Estimated
Volume

(gal)
Curing
Procedure

Coatings on components supplied by Westinghouse
Inorganic 
zinc-based

Dimecote-2 2 3070 - 30 minute at 50°F 
to 95°F

Silicon (organic) 
modified base

Carboline 4674 
(black only)

3 2900 15 a) 2 hours at 75°F
between coats

b) Air-dry in 204
hours at 75°F

c) Coating cures
in service

Silicon b

aluminum
Aluminum Paint
TT-P-28

1.5 to 2.0 11,700 - 24 hours at 50°F 
to 95°F

Polyamide cured 
epoxy

Amercoat-66 5 1125 10 Finish coat dry 
for 7 days at 70°F

a. The total surface area represents approximately 1.3 ft3, assuming the coatings were applied at an 
average of 5 mils DFT

b. Quantities provided are based on the original steam generators coatings. The replacement steam gen-
erator lower assemblies are unpainted and the steam domes have had most of the unqualified paint 
removed as a result of decontamination activities.
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Table 3.8-14
FACTORS OF SAFETY (F.S.), SERVICE WATER RESERVOIR DIKES

Operating Condition Slope Failure Mode Static F.S. Dynamic F.S.a

Reservoir full
(W.S. El. 315)

U/S - circular failure 1.9 2.0

Reservoir full
(W.S. El. 315)

D/S - shallow circular failureb, c 1.9 1.2

Reservoir full
(W.S. El. 315)

D/S - deep circular failureb  1.5 1.3

Rapid drawdown
(W.S. El. 305)

U/S - circular failure  4.2 2.2

Reservoir full
(W.S. El. 315)

D/S - wedge failure along relic 
joint surface

 1.5 1.2

Legend: W.S. - water surface
U/S - upstream side of dike
D/S - downstream side of dike

a. Based on undrained strength parameters.

b. Shallow failure is defined as a failure surface located entirely within the rock fill or filter 
blankets. Deep failures penetrate into the impervious core or foundation soil.

c. The factor of safety for the shallow failure through the rock fill or filter blankets is based on 
an infinite slope failure.
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Table 3.8-15
SETTLEMENT MONITORING POINTS FOR SEISMIC CLASS I STRUCTURES AT THE 

MAIN PLANT AND SERVICE WATER RESERVOIR

Baseline

Mark No Elevation (ft.) (Date Established) Structure/Location

113R 272.631 (5/87) Unit 2 Main Steam Valve/Quench Spray 
Pump House

314 a 271.997 (11/92) West End of Service Building

315 a, b 272.030 (11/92) West End of Service Building

316 a 271.979 (11/92) West End of Service Building

317 a 271.933 (11/92) West End of Service Building

SAM-1 b 319.474 (11/75) Crest of Service Water Reservoir

SAM-2 b 318.969 (11/75) Crest of Service Water Reservoir

SAM-3 b 318.966 (11/75) Crest of Service Water Reservoir

SAM-4 b 318.995 (11/75) Crest of Service Water Reservoir

SAM-6 b 319.556 (11/75) Crest of Service Water Reservoir

SM-7 327.585 (7/77) Service Water Pump House

SM-8 b 327.841 (11/75) Service Water Pump House

SM-9 b 327.690 (11/75) Service Water Pump House

SM-10 327.397 (7/77) Service Water Pump House

SM-17R 321.861 (7/77) Expansion Joint on Service Water Line

SM-18R 321.666 (7/77) Expansion Joint on Service Water Line

SM-19 b 315.387 (1/78) West Wing Wall, Service Water Pump House

SM-20 b 314.983 (1/78) East Wing Wall, Service Water Pump House

SM-25 325.954 (4/87) Service Water Valve House

SM-26 326.018 (4/87) Service Water Valve House

SM-27 326 034 (4/87) Service Water Valve House

SM-28 326.146 (4/87) Service Water Valve House

SM-29 303.028 (4/87) Service Water Tie-in Vault

SM-30 303.030 (4/87) Service Water Tie-in Vault

SM-31 303.057 (4/87) Service Water Tie-in Vault

SM-32 303.026 (4/87) Service Water Tie-in Vault

SAM - Settlement Alignment Marker
SM - Settlement Marker

a. Settlement monitoring points 114, 115, 116, and 117 were relocated in 11/92 due to obstructions. The 
relocated points were renumbered as 314, 315, 316, and 317 respectively. Baseline elevations were 
assigned to the relocated points.

b. These settlement points monitored for information only.
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The following information is HISTORICAL and is not intended or expected to be updated 
for the life of the plant.

Table 3.8-16
WATER QUALITY OF FLOW FROM HORIZONTAL DRAINSc

Drain No. Date
Days After
Installation Turbidity, ppm

Suspended Solids,
ppm

1 7/11/77 276 ≤ 0.5 0.1
8/5/77 301 ≤ 0.5 0.2
8/26/77 322 ≤ 0.5 0.2
10/7/77 364 ≤ 0.5 0.4

2 7/28/77 1 ≤ 0.5 0.7
8/5/77 9 ≤ 0.5 0.5
8/12/77 16 ≤ 0.5 0
8/22/77 26 ≤ 0.5 0.1
8/23/77 27 Stopped flowing

3 8/26/77 4 ≤ 0.5 0.1
9/8/77a 17 ≤ 0.5 0.1
10/7/77 46 ≤ 0.5 0

4 7/15/77 2 ≤ 0.5 0.6
7/22/77 9 0 1.3
7/29/77 16 ≤ 0.5 0.5
8/5/77 23 ≤ 0.5 1.0
8/12/77 30 ≤ 0.5 0
8/22/77 40 ≤ 0.5 0.5
8/26/77 44 ≤ 0.5 0.4
10/7/77 86 0.9 0.4

5 8/12/77 2 ≤ 0.5 0.8
8/22/77 12 0.6 0.6
8/26/77 16 0.6 0.6
10/7/77 58 ≤ 0.5 0.3

6 7/6/77 5 2.3 4.5
7/15/77 14 ≤ 0.5 2.0
7/22/77 21 0 0
7/29/77 28 ≤ 0.5 0.4
8/5/77b 35 ≤1.6 2.6
8/12/77 42 ≤ 0.5 0.3
8/22/77 52 ≤ 0.5 0
8/26/77 56 ≤ 0.5 0
10/7/77 98 ≤ 0.5 0

a. pH determined to be 7.45.
b. Influenced by installation of Drain 5; sample contained bluish “Revert” drilling fluid.
c. Requirement to monitor turbidity and suspended solids was deleted based on recommendations 

contained in Reference 34.
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Figure 3.8-1  (SHEET 1 OF 3)
WING WALLS:

SERVICE WATER PUMP HOUSE
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Figure 3.8-1  (SHEET 2 OF 3)
WING WALLS:

SERVICE WATER PUMP HOUSE
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Figure 3.8-1  (SHEET 3 OF 3)
WING WALLS:

SERVICE WATER PUMP HOUSE
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Figure 3.8-2 
FOUNDATION DETAIL:

CONTAINMENT STRUCTURE
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Figure 3.8-3 
TYPICAL DETAIL: FOUNDATION MAT AND BASE
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Figure 3.8-4 
TYPICAL DETAIL OF DOME: CYLINDER JUNCTION
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Figure 3.8-6 
CONTAINMENT DIAGONAL REINFORCING
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Figure 3.8-7 
SECTION: TYPICAL BRIDGING BAR
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Figure 3.8-9 
WALL AND MAT JOINT
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Figure 3.8-10 
SECTION: TYPICAL BRIDGING BAR (SHEET 2)
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Figure 3.8-12 
REACTOR CONTAINMENT ELECTRICAL PENETRATIONS AREA

See Fig 3.8-14
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Figure 3.8-13 
ELECTRICAL PENETRATIONS 
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Figure 3.8-14 
PERSONNEL AND EQUIPMENT HATCH ASSEMBLIES
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Figure 3.8-15 
TYPICAL PIPING PENETRATION WITH COOLERS
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Figure 3.8-16  (SHEET 1 OF 7)
CONTAINMENT MAT MOMENT AND SHEAR DIAGRAMS
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Figure 3.8-16  (SHEET 2 OF 7)
CONTAINMENT MAT MOMENT AND SHEAR DIAGRAMS
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Figure 3.8-16  (SHEET 3 OF 7)
CONTAINMENT MAT MOMENT AND SHEAR DIAGRAMS
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Figure 3.8-16  (SHEET 4 OF 7)
CONTAINMENT MAT MOMENT AND SHEAR DIAGRAMS
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Figure 3.8-16  (SHEET 5 OF 7)
CONTAINMENT MAT MOMENT AND SHEAR DIAGRAMS
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Figure 3.8-16  (SHEET 6 OF 7)
CONTAINMENT MAT MOMENT AND SHEAR DIAGRAMS
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Figure 3.8-16  (SHEET 7 OF 7)
CONTAINMENT MAT MOMENT AND SHEAR DIAGRAMS
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Figure 3.8-17 
LOAD PLOT NOMENCLATURE
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Figure 3.8-18  (SHEET 1 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 2 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 3 OF 28)
SCALED LOAD PLOTS



Revision 43—09/27/07 NAPS UFSAR 3.8-156
 

Figure 3.8-18  (SHEET 4 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 5 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 6 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 7 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 8 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 9 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 10 OF 28)
SCALED LOAD PLOTS



Revision 43—09/27/07 NAPS UFSAR 3.8-163
 

Figure 3.8-18  (SHEET 11 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 12 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 13 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 14 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 15 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 16 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 17 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 18 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 19 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 20 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 21 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 22 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 23 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 24 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 25 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 26 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 27 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-18  (SHEET 28 OF 28)
SCALED LOAD PLOTS
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Figure 3.8-19 
REINFORCING DETAILS: EQUIPMENT ACCESS HATCH OPENING



Revision 43—09/27/07 NAPS UFSAR 3.8-182
 

Fi
gu

re
3.

8-
20

 
R

E
IN

FO
R

C
IN

G
 D

E
T

A
IL

S:
 S

E
C

T
IO

N
S 

T
H

R
O

U
G

H
 R

IN
G

 B
E

A
M

 T
O

 E
Q

U
IP

M
E

N
T

 A
C

C
E

SS
 H

A
T

C
H

E
tia

m
 v

en
en

at
is

 a
cc

um
sa

n 
en

im
. M

au
ris

 r
ut

ru
m

, d
ia

m
 q

ui
s 

tin
ci

du
nt

 e
le

m
en

tu
m

, s
em

 o
rc

i b
ib

en
du

m
 li

be
ro

, u
t e

le
m

en
tu

m
 

ju
st

o 
m

ag
na

 a
t a

ug
ue

. A
liq

ua
m

 s
ap

ie
n 

m
as

sa
, f

au
ci

bu
s 

ac
, e

le
m

en
tu

m
 n

on
, l

ao
re

et
 n

ec
, f

el
is

. V
es

tib
ul

um
 a

cc
um

sa
n 

sa
gi

tti
s 

ip
su

m
. I

n 
ul

la
m

co
rp

er
, d

ui
 s

ed
 c

ur
su

s 
eu

is
m

od
, a

nt
e 

w
is

i d
ap

ib
us

 li
gu

la
, i

d 
rh

on
cu

s 
ip

su
m

 m
i a

t t
el

lu
s.

 C
la

ss
 a

pt
en

t 
ta

ci
ti 

so
ci

os
qu

 a
d 

lit
or

a 
to

rq
ue

nt
 p

er
 c

on
ub

ia
 n

os
tr

a,
 p

er
 in

ce
pt

os
 h

ym
en

ae
os

. Q
ui

sq
ue

 r
ho

nc
us

 w
is

i v
ita

e 
do

lo
r.

 E
tia

m
 

el
ei

fe
nd

. I
nt

eg
er

 im
pe

rd
ie

t v
eh

ic
ul

a 
an

te
. S

ed
 in

 a
rc

u 
et

 o
di

o 
ac

cu
m

sa
n 

po
rt

a.
 A

en
ea

n 
m

i. 
V

iv
am

us
 n

on
 o

rc
i v

ita
e 

ur
na

 
al

iq
ue

t u
lla

m
co

rp
er

. C
la

ss
 a

pt
en

t t
ac

iti
 s

oc
io

sq
u 

ad
 li

to
ra

 to
rq

ue
nt

 p
er

 c
on

ub
ia

 n
os

tr
a,

 p
er

 in
ce

pt
os

 h
ym

en
ae

os
. I

n 
fr

in
gi

lla
 

lig
ul

a 
ve

l o
di

o.
 In

 h
ac

 h
ab

ita
ss

e 
pl

at
ea

 d
ic

tu
m

st
. E

tia
m

 te
m

pu
s 

la
cu

s 
ac

 a
rc

u.
 P

ra
es

en
t n

on
 li

be
ro

. 



Revision 43—09/27/07 NAPS UFSAR 3.8-183
 

Figure 3.8-21 
REINFORCING DETAILS: PERSONNEL HATCH OPENING
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Figure 3.8-28 
DETAIL OF RELIEF WELL: LAKE ANNA DAM
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The following information is HISTORICAL and is not intended or expected to be updated for the 
life of the plant.

Figure 3.8-29 
HISTOGRAM OF COMPACTION CONTROL TESTS: LAKE ANNA DAM
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The following information is HISTORICAL and is not intended or expected to be updated for the 
life of the plant.
Figure 3.8-30 

HISTOGRAM OF MOISTURE CONTENT
CONTROL TEST: LAKE ANNA DAM
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The following information is HISTORICAL and is not intended or expected to be updated for the 
life of the plant.
Figure 3.8-34 

BORING LOGS: SERVICE WATER RESERVOIR: PUMP HOUSE
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Figure 3.8-36 
SERVICE WATER PIPING BEFORE MODIFICATION
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Figure 3.8-37 
SERVICE WATER PIPING WITH CONCRETE ENCASEMENT
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Figure 3.8-38 
SERVICE WATER PIPING: PARTIALLY ENCASED
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Figure 3.8-39 
PLAN OF REPAIR OF SERVICE WATER LINES



Revision 43—09/27/07 NAPS UFSAR 3.8-202
 

Figure 3.8-40 
SECTION THROUGH REPAIR OF SERVICE WATER LINES
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Figure 3.8-42 
SERVICE WATER PIPING REANALYSIS: SOIL PROPERTIES
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Figure 3.8-43 
SERVICE WATER PIPING REANALYSIS: SOIL SETTLEMENT AND INSTABILITY
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Figure 3.8-44 
TYPICAL TEST WELL INSTALLATION: SERVICE WATER RESERVOIR
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Figure 3.8-45 
LOCATIONS OF TEST WELLS: SERVICE WATER RESERVOIR
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The following information is HISTORICAL and is not intended or expected to be updated for the 
life of the plant.
Figure 3.8-50 

QUANTITY AND QUALITY OF WATER FROM HORIZONTAL DRAIN:
SERVICE WATER RESERVOIR
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The following information is HISTORICAL and is not intended or expected to be updated for the 
life of the plant.
Figure 3.8-55 

HISTOGRAM OF RECORD TESTS FOR COMPACTION CONTROL
OF SELECT EARTH LINING: SERVICE WATER RESERVOIR
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The following information is HISTORICAL and is not intended or expected to be updated for the 
life of the plant.
Figure 3.8-56 

HISTOGRAM OF RECORD TESTS FOR MOISTURE CONTENT CONTROL
OF SELECT EARTH LINING: SERVICE WATER RESERVOIR
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The following information is HISTORICAL and is not intended or expected to be updated for the 
life of the plant.
Figure 3.8-57 

HISTOGRAM OF RECORD TESTS FOR COMPACTION CONTROL
OF COMPACTED IMPERVIOUS FILL: SERVICE WATER RESERVOIR
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The following information is HISTORICAL and is not intended or expected to be updated for the 
life of the plant.
Figure 3.8-58 

HISTOGRAM OF RECORD TESTS FOR MOISTURE CONTENT CONTROL OF 
COMPACTED IMPERVIOUS FILL: SERVICE WATER RESERVOIR
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3.9 MECHANICAL SYSTEMS AND COMPONENTS

3.9.1 Dynamic System Analysis and Testing

3.9.1.1 Summary of Stone & Webster Design Procedures

All Seismic Class I mechanical equipment such as fans, pumps, and heat exchangers are
qualified as seismically adequate in accordance with the criteria and procedures outlined in
Section 3.7.3.2. Generally, all equipment is specified for qualification in the operating mode
unless it can be shown that an alternative condition is a more severe case. Compliance with these
criteria is intended to ensure that the equipment will function when subjected to seismic loading.

Seismic Class I cranes have been dynamically analyzed to ensure structural adequacy. In
addition, restraints have been designed and installed to prevent the crane from becoming
dislodged during an earthquake.

Dynamic effects on piping systems under start-up or initial operating conditions due to
turbine trips, valve closures, pump trips, etc., are minimized by optimally designed piping
restraints. Dynamic analysis methods and criteria for piping systems are presented in
Section 3.7.3.1. Transient conditions and the associated actions (pump trips, valve actuations,
etc.) are listed in the preoperational and initial start-up testing programs in Section 14.1. Dynamic
responses under the transient conditions during the preoperation and initial start-up conditions on
piping systems are observed to ensure that the vibration is within acceptable limits.

A preoperational vibration test program on Q1 and Q2 piping systems was conducted under
simulated transients that are credible within the normal and upset operating modes of the systems.
Selected locations on the following piping systems were subjected to visual inspection and
instrumented measurements (if needed) by the piping engineer during these tests:

1. Start and stop reactor coolant pumps.

2. Closure of main steam line trip valves during pre-core-loading testing.

3. Start and stop residual heat removal (RHR) pumps with normal operation of the valves used
to control flow.

4. Start and stop high-pressure safety injection/charging pumps.

5. Operation of pressurizer relief valves and their associated discharge piping system.

6. Start and stop auxiliary feedwater pump with normal operation (closure/openings) of the
associated motor-operated and hand-control discharge valves in the auxiliary feedwater
piping system.

For instrumented testing, the measure of dynamic piping responses was converted to a
dynamic stress intensity equivalence, to be combined with other primary stresses. The acceptable
criteria for Q1 piping were based on the allowable combined stress limit of 1.5 Sm for ASME
Class 1 piping, as specified in paragraph NB-3642 of ASME Code Section III. The acceptable



Revision 43—09/27/07 NAPS UFSAR 3.9-2
 

criteria for Q2 piping were based on the allowable combined stress limit of 1.2 Sh for ASME
Class 2 piping, as specified in paragraph NC-3652.2 of ASME Code Section III (1972 Winter
Addendum).

3.9.1.1.1 Pressure Relief Valves and Associated Piping Systems

The design criteria for piping systems associated with safety and relief valves are in
accordance with the rules in Subarticles NB-3677 and NC-3677 of ASME Code Section III, 1971,
applicable to the classification of the piping system involved. For open relief systems, the design
criteria and analyses used to calculate maximum stresses and stress intensities are in accordance
with Subarticles NB-3600 and NC-3600 of ASME Code Section III (1972 Winter Addendum).
Maximum dynamic stresses on attached piping sections are calculated based on full discharge
loads (thrust and bending) and internal design pressure. Maximum stress intensity in the run, pipe,
or header, under full discharge loadings (thrust, bending, and torsion) and internal design pressure
is also computed.

3.9.1.1.1.1 Open Relief System. The total steady-state discharge thrust load for an open system
discharge is expressed as the sum of the pressure and momentum forces, as follows:

(3.9-1)

where:

F = total reaction force (lb)

A = exit flow area (ft2)

P = exit pressure (psig)

V = exit fluid velocity (ft/sec)

d = exit fluid density (lb/ft3)

g = 32.3 ft/sec2

To ensure consideration of the effects of the suddenly applied load, a dynamic load factor is
computed by dynamic analysis. The calculation of the dynamic load factor is based on modeling
the valve and nozzle as a single- degree-of-freedom dynamic system. The lumped mass of this
system corresponds to the weight of the valve and nozzle, and is assumed to be at the valve center
of gravity. The rotational degree of freedom of this system is considered to be in the direction that
causes maximum bending stress in the nozzle at the junction of the nozzle and run-pipe.
Rotational flexibility of the system is computed by a series combination of nozzle flexibility and
local run-pipe flexibility (at the junction of the nozzle and run-pipe).

The rise time of the discharge force at the outlet of the safety valve is assumed to be the
minimum valve opening time, and the discharge force is assumed to rise linearly with time. The
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ratio of maximum dynamic rotations predicted by this single-degree-of-freedom system to the
static rotation caused by the steady-state discharge force represents the dynamic load factor.

When more than one valve is mounted on the same common header, full discharge is
assumed to occur concurrently. The additional stresses induced in the header are combined with
the previously computed local and primary membrane stresses to obtain the maximum stress
intensity.

3.9.1.1.1.2 Closed Relief System. For relief valves discharging into a closed system, an
analytical model of one-dimensional transient flow characteristics following the blow-off of the
upstream safety/relief valve into the discharging piping is established. The time-dependent
pressure, temperature, density, and velocity, and hence the momentum of the downstream pipe
flow, is computed from this conservative hydrodynamic/thermodynamic flow model. The
phenomena of flow restrictions, frictional resistance, and flow discontinuities (shock waves) are
considered. This model also considers the influence of valve opening time and the effect of loop
seal-water, if any is contained upstream of the valve seat.

The unbalanced transient hydraulic forcing function acting on the piping system computed
from the flow model is used to determine the transient dynamic responses of the piping structural
model. Adapting the lumped-parameter method incorporated with the modal analysis of piping
system, the time-history modal response is computed. Computations of maximum stress
intensities for ASME Code Class 1 piping or maximum stress levels for ASME Code Class 2 and
3 piping are based on the dynamic analysis of the system. Dynamic load factors are determined as
described in Section 3.9.1.1.1.1.

3.9.1.1.2 Code Class 1 Analysis

ASME Code Class 1 components within the Stone & Webster scope of supply have been
analyzed on an elastic system and elastic component basis. Inelastic component stress analyses
have not been used. Analytical methods are compatible with the system used.

3.9.1.2 Summary of Westinghouse Design Procedures

3.9.1.2.1 Dynamic System Analysis and Testing

The scope of the different dynamic analysis techniques and methods used to evaluate
mechanical systems and components of the Westinghouse pressurized water reactor is very
extensive. However, the more important, pertinent methods are presented as an overview of the
type of methods used.

3.9.1.2.2 Main Piping System, Flow-Induced Vibrations

Flow-induced vibrations in the main piping systems of the reactor coolant loop may be
caused by pressure pulses from the reactor coolant pump impeller.
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The perturbating frequency of the reactor coolant pump is quite high when compared to the
piping natural frequency. Frequency separation, therefore, ensures a very small probability of
self-excited or sympathetic vibration. This is borne out by satisfactory operation of several similar
coolant loops.

The piping natural frequencies are calculated using a finite element computer model of a
reactor coolant loop. This loop, for North Anna Unit 1, has 78 dynamic degrees of freedom
(DOF). A unique frequency is associated with each degree of freedom. Since the loop model
consists of both piping and components, and the components are large equipment (e.g., steam
generator, RCL pump, and stop valves), the lower modes reflect the bending modes of these
components, with the piping acting as elastic coupling between components.

The frequencies associated with the piping modes are higher than the component modes
(e.g., 36 Hz and higher). However, the effect of flow-induced vibrations from the RCL pump
impeller on the piping has been studied empirically on installed RCL piping during plant start-up,
cold hydro, and hot-functional testing.

The experimental studies indicate that pipe vibration results from the excitation produced
by the pump and the fluid flowing in the system. Measurements indicate that the pipe vibration
has narrow band response at certain system natural frequencies superimposed on a broad band
response. In addition, certain deterministic responses have been measured on the system and have
been identified as frequencies associated with RCL pump shaft rotation (19.8 Hz) and multiples
of this frequency up to 544 Hz, the fourth blade-passing frequency. Additional measurements
have been taken on European plants where the pump shaft rotation frequency is 24 Hz and the
responses of the blade-passing frequency appear as high as 336 Hz. During all of the
Westinghouse test experience, no abnormal vibration has been observed related to any of the
frequencies generated from the pump operation. The response of the reactor coolant loop has been
reported in WCAP 7920 (Reference 1).

The tubes in the steam generator may be subjected to flow-induced vibration that does not
exist in the primary coolant loop. This excitation might result from vortex shedding due to flow
across the tubes. To ensure that no sympathetic vibration is generated by the vortex shedding,
there is a wide frequency separation between the vortex frequency of the fluid and the beam
frequency of the tube. Parallel flow vibration is analyzed using the correlations of Burgreen, and
the amplitude of vibration is shown to be low enough that neither stress, banging, nor fatigue is a
problem. Flow-induced vibration of the reactor internals is discussed in Section 3.9.1.2.5.

3.9.1.2.3 Dynamic Analysis of Reactor Internals

The reactor internals are modeled to determine dynamic loads produced by a reactor coolant
loop (RCL) branch line pipe rupture (for both cold-leg and hot-leg breaks), and for the response
due to a design-basis earthquake.
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The structural analysis considers simultaneous application of the time-history loads on the
reactor vessel resulting from the RCL mechanical loads and internal hydraulic pressure transients.
The vessel is restrained by reactor vessel support pads and shoes beneath the reactor vessel
nozzles and the RCL piping with the primary supports of the steam generators and the RCPs.

Following a postulated pipe rupture, the reactor vessel is excited by time-history forces. As
previously mentioned, these forces are the combined effect of reactor coolant loop mechanical
loads and reactor internal hydraulic forces.

The RCL mechanical forces are derived from the elastic analysis of the loop piping for the
postulated break. The reactions on the nozzles of the RCL piping are applied to the vessel in the
RPV blowdown analysis.

The reactor internals hydraulic pressure transients were calculated including the assumption
that the structural motion is coupled with the pressure transients. This phenomena has been
referred to as hydroelastic coupling or fluid-structure interaction. The hydraulic analysis
considers the fluid-structure interaction of the core barrel by accounting for the deflections of
constraining boundaries which are represented by masses and springs. The analytical methods
used to develop the reactor internals hydraulic forces are described in WCAP-8709-A
(Reference 8).

3.9.1.2.3.1 Reactor Vessel and Internals Modeling. The reactor vessel is restrained by two
mechanisms: (1) the attached reactor coolant loops with the SG and RCP primary supports; and
(2) reactor vessel supports, beneath each reactor vessel inlet nozzle and outlet nozzle. The support
shoe provides restraint in the horizontal directions for reactor vessel motion.

The mathematical model of the RPV is a three-dimensional nonlinear finite element model
which represents the dynamic characteristics of the reactor vessel and its internals in the six
geometric degrees of freedom. The model was developed using the WECAN computer code. The
model consists of three concentric structural submodels connected by nonlinear impact elements
and stiffness matrices. The first submodel, Figure 3.9-4, represents the reactor vessel shell and
associated components. The reactor vessel is retrained by the reactor vessel supports and by the
attached primary coolant piping. Each reactor vessel support is modeled by a linear horizontal
stiffness and a vertical nonlinear element with lift-off capability. The attached piping is
represented by a stiffness matrix.

The second submodel, Figure 3.9-5, represents the reactor core barrel, thermal shield, lower
support plate, and secondary core support components. This submodel is physically located inside
the first and is connected to it by a stiffness matrix at the internals support ledge.
Core-barrel-to-vessel impact is represented by nonlinear elements at the core barrel flange, core
barrel nozzle, and lower radial support locations.
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The third and innermost submodel, Figure 3.9-6, represents the lower core support plate,
guide tubes, support columns, upper core plate, and fuel. The third submodel is connected to the
first and second by stiffness matrices and nonlinear elements.

3.9.1.2.3.2 Analytical Methods. The time-history effects of internals loads and loop mechanical
loads are combined and applied simultaneously to the appropriate nodes of the mathematical
model of the reactor vessel and internals. The analysis is performed by modal superposition
techniques. The output of the analysis includes the displacements of the reactor vessel and the
loads in the reactor vessel supports which are combined with other applicable faulted condition
loads and subsequently used to calculate the stresses in the supports. Also, the reactor vessel
displacements are applied as a time-history input to the dynamic reactor coolant loop analysis.
The resulting loads and stresses in the piping components and supports include both RCL branch
pipe loop blowdown loads and reactor vessel displacements. Thus, the effect of vessel
displacements upon loop response and the effect of RCL branch pipe blowdown upon vessel
displacement are both evaluated.

The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

3.9.1.2.4 Preoperational Tests

The program to establish internals integrity used extensive design analysis, model testing,
and post-hot-functional inspection. Additionally, Westinghouse instrumented (Reference 1)
full-size reactors to measure the dynamic behavior of the first of a kind of each plant size, and
compared measurements with predicted values.

This program was instituted as part of a basic Westinghouse philosophy to instrument the
internals of the first of a kind of the current nuclear steam supply system designs for power
plants. The previous first-of-a-kind plants that were instrumented were: Jose Cabrera Station,
one-loop; Robert Ginna Station, two-loop; H. B. Robinson Unit No. 2, three-loop; and Indian
Point Unit No. 2, four-loop. The Indian Point II (IPP) plant was the most thoroughly
instrumented plant to date. The magnitude of that test program was much greater than the intent
of the philosophy, and was established as part of an extensive plan to develop theories and basic
concepts related to internals vibration under various operating conditions. Thus, not only was
added assurance obtained that all of the hardware would operate in the manner for which it was
designed, but these data also assisted in the development of increased capability for the
prediction of the dynamic behavior of PWR internals.

The H. B. Robinson (CPL) reactor was established as the prototype for the Westinghouse
three-loop plant internals verification program.
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Subsequent three-loop plants were similar in design. Past experience with other reactors
indicated that plants of similar designs behave in a similar manner. For this reason, an
instrumentation program was conducted on the H. B. Robinson plant to confirm the behavior of
the reactor components. The main objective of this test was to increase confidence in the
adequacy of the internals by determining stress or deflection levels at key locations.

The only significant difference between the North Anna units’ internals and the
H. B. Robinson prototype internals was that 17 x 17 fuel assemblies were in North Anna, while
the Robinson plant used 15 x 15 fuel assemblies. This internals change was manifested only in
the design of guide tubes located in the upper core support structure. The new 17 x 17 guide
tubes were stronger and more rigid, and therefore less susceptible to flow-induced vibration.
The Trojan Nuclear Plant of the Portland General Electric Company was the first operational
Westinghouse pressurized water reactor to use 17 x 17 fuel assemblies. Operation of this plant
preceded the North Anna units. The 17 x 17 guide tube in the Trojan plant was instrumented
and the vibration behavior confirmed in accordance with Regulatory Guide 1.20. The
instrumentation of the Trojan plant also confirmed guide tube vibration behavior on the North
Anna plants in accordance with Regulatory Guide 1.20.

In the final analysis, the proof that the internals are adequate, free from harmful
vibrations, and have performed as intended, is obtained through component observations and
examinations during service. Thus, CPL, the three-loop prototype, was subjected to a thorough
visual and dye-penetrant examination by a qualified Westinghouse quality assurance engineer
before and after the hot-functional test. This inspection was in addition to the normal inspection
of the internals in the shop, and before and after shipment.

For the particular case of the three-loop plants, the following operating experiences,
gained up to the time of North Anna licensing, offered additional assurance of the adequacy of
this design:

1. Southern California Edison, San Onofre plant was a three-loop plant with a slightly
different design. This plant had been in operation since 1967 with no internals vibration
problems. The internals had been inspected on various occasions.

2. H. B. Robinson (CPL), after completion of the hot-functional inspection, had been at
power operation since 1970 with no internals vibration problems.

3. Florida Power and Light (FPL) had successfully completed the post-hot-functional
inspection, with results indicating no internals vibration problems.

4. Virginia Electric and Power Company, Surry Power Station (VPA), had also successfully
completed the post-hot-functional inspection, with similar results.

The CPL, FPL, and VPA internals had the same configuration as the other Westinghouse
three-loop plants, thus providing important evidence of the reliability of the internals.
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Regulatory Guide 1.20, Paragraph D, “Regulations for Reactor Internals Similar to the
Prototype Design,” was satisfied for these three-loop plants in the following manner.

The internals were subjected to a thorough examination before and after preoperational
flow tests. This examination included the 35 points shown on Figure 3.9-1. These 35 points
included the following:

1. All major load-bearing elements of the reactor internals relied on to retain the core
structure in place.

2. The lateral, vertical, and torsional restraints provided within the vessel.

3. Locking and bolting devices whose failure could adversely affect the structural integrity of
the internals.

4. Other locations on the reactor internal components that were examined on the prototype
design.

The interior of the reactor vessel was also examined for evidence of loose parts or foreign
material.

Specifically, the inside of the vessel was inspected before and after the hot-functional
test, with all the internals removed, to verify that no loose parts or foreign material were in
evidence.

3.9.1.2.4.1 Lower Internals. A particularly close inspection was made on the following items
or areas, using a 5X or 10X magnifying glass or a particle test where applicable. The locations
of these areas are shown in Figure 3.9-1.

1. Upper barrel flange and girth weld.

2. Upper barrel to lower barrel girth weld.

3. Upper core plate aligning pin. Examined for any shadow marks, burnishing, buffing, or
scoring. Checked for the soundness of lockwelds.

4. Irradiation specimen basket welds.

5. Baffle assembly locking devices. Checked for lockweld integrity.

6. Lower barrel to core support girth weld.

7. The flexible tie connections (flexures) at the lower end of the thermal shield.

8. Radial support key welds to barrel.

9. Insert locking devices. Examined for soundness of lockwelds.
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10. Core support columns and instrumentation guide tubes. All the joints checked for tightness
and soundness of the locking devices.

11. Secondary support assembly welds.

12. Lower radial support lugs and inserts. Examined for any shadow marks, burnishing,
buffing, or scoring. Checked for the integrity of the lockwelds. These members supplied
the radial and torsion constraint of the internals at the bottom relative to the reactor vessel
while permitting axial growth between the two. One would have expected to see, on the
bearing surfaces of the key and keyway, burnishing, buffing, or shadowing marks that
would have indicated pressure loading and relative motion between the two parts. Some
scoring of engaging surfaces was also possible and acceptable.

13. Bearing surfaces of upper core plate radial support key.

14. Mounting blocks thermal shield to core barrel. Connections examined for evidence of
change in tightness or lockweld integrity.

15. Gaps at baffle joints. Checked for gaps between baffle and top former and at
baffle-to-baffle joints.

3.9.1.2.4.2 Upper Internals. A particularly close inspection was made on the following items
or areas, using a 5X or 10X magnifying glass where necessary. The locations of these areas are
shown in Figure 3.9-1.

1. Thermocouple conduits, clamps, and couplings.

2. Guide tube, support column, and thermocouple column assembly locking devices.

3. Support column and conduit assembly clamp welds.

4. Radial support keys and inserts between the upper core plant and upper core barrel.
Examined for any shadow marks, burnishing, buffing, or scoring. Checked for the integrity
of lockwelds.

5. Connections of the support columns and guide tubes to the upper core plate. Checked for
tightness.

6. Thermocouple conduit gusset and clamp welds.

7. Thermocouple end-plugs. Checked for tightness.

8. Guide tube closure welds, tube-transition plate welds, and card welds.

Acceptance standards were the same as required in the shop by the original design
drawings and specification.
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3.9.1.2.5 Flow-Induced Vibration

The dynamic behavior of reactor components has been studied using experimental data
obtained from operating reactors, along with results of model tests and static and dynamic tests in
the fabricator’s shops and at plant site. Extensive instrumentation programs to measure vibration
of reactor internals (including prototype units of various reactors) have been carried out during
preoperational flow tests and reactor operation.

From scale model tests, information on stresses, displacements, flow distribution, and
fluctuating differential pressures is obtained. Studies have been performed (Reference 1) to verify
the validity and determine the prediction accuracy of models for determining reactor internals
vibration due to flow excitation. Similarity laws were satisfied to ensure that the model response
can be correlated to the real prototype behavior.

Vibration of structural parts during preoperational tests is measured using displacement
gauges, accelerometers, and strain transducers. The signals are recorded with F.M. magnetic tape
records. Onsite and offsite signal analysis is done using both hybrid real-time and digital
techniques to determine the (approximate) frequency and phase content. In some structural
components, the spectral content includes nearly discrete-frequency or very narrow-band signals,
usually due to excitation by the main coolant pumps and other components that reflect the
response of the structure at a natural frequency to broad bands and mechanically induced and/or
flow-induced excitation. Damping factors are also obtained from wave analyses.

It is known from the theory of shells that the normal modes of a cylindrical shell can be
expressed as sine and cosine combinations, with indices m and n indicating the number of axial
half-waves and circumferential waves, respectively. The shape of each mode and the
corresponding natural frequencies are functions of the numbers m and n. The general expression
for the radial displacement of a simply supported shell is:

(3.9-2)

During the hot-functional test, the internals were subjected to a total operating time at
greater than normal full-flow conditions (all pumps operating) of at least 10 days, or 240 hour.
This provided a cyclic loading of approximately 1 × 107 cycles on the main structural elements
of the internals. In addition, there was some operating time with only one and two pumps
operating.

Therefore, when no signs of abnormal wear were found, no signs of harmful vibration
present in the core support structures, and with no apparent structural changes taking place, the
three-loop core support structures were considered adequate. They performed their function as
intended, free from harmful vibrations.
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The shell vibration at a natural frequency depends on the boundary conditions at the ends.
The effect of the ends is negligible for long shells or for higher-order m modes, and long shells
will have the lowest frequency for n = 2 (elliptical mode). For short shells, the effects of the ends
are more important, and the shell will tend to vibrate in modes corresponding to values of n
greater than 2.

With these previous considerations as a basis, the following procedures have been
performed in the study of thermal shield vibration:

1. During a test program performed with a one-seventh-scale model, the natural frequencies of
the thermal shield in water and the maximum vibration amplitude were measured.

2. Shaker test programs performed on a prototype thermal shield with the actual boundary
conditions provided full-scale natural frequencies and mode shapes in air. These modes were
established by measuring accelerations at the center, top (support elevation), and bottom of
the shield. In Figure 3.9-2, the results obtained are plotted for n = 4, and correspond to a
thermal shield with eight supports, which are indicated in the same figure. The amplitudes of
vibration are fitted with a curve y = A sin 4θ.

3. Maximum displacements were measured during the preoperational reactor test and were
correlated with the information obtained in the one-seventh-scale model and shaker test.

4. In Figure 3.9-3, the maximum amplitudes of vibration are plotted as measured on a thermal
shield with six supports. The experimental points have been least squares fitted with a curve
y = A sin 3θ.

In general, the study follows two parallel procedures: obtain frequencies and spring
constants analytically, and confirm these values from the results of the tests. Damping coefficients
are established experimentally, and forcing functions are estimated from pressure fluctuations
measured during operation and in models. Once these factors are established, the response can be
computed analytically. In parallel, the responses of important reactor structures are measured
during preoperational reactor tests, and the frequencies and mode shapes of the structures are
obtained. Once all the dynamic parameters are obtained, as explained above, the forcing functions
can be estimated. These two procedures are not independent; both are performed simultaneously,
and when combined they provide indications of the internals behavior during reactor operation.
Finally, it should be mentioned that internals behavior during reactor operation has been measured
using mechanical devices and nuclear noise methods. The last method involves the frequency
spectral analysis of signals from ex-core ion chambers. Information is obtained on the frequency,
amplitude, and damping of the vertical and lateral vibrations of the core because relative motions
of the core cause reactivity perturbations and fluctuations in the neutron flux signal level.

Some components, such as control rod guide tubes, fuel rods, and incore instrumentation
tubes, are subjected to cross flow and parallel flow with respect to the axis of the structure. In
these cases there are numerous theoretical and experimental studies directed toward establishing
the response of the structure (Reference 1). These studies also provide information on the added
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apparent mass of the water, which decreases the natural frequency of the component. For both
cases, cross and parallel, the response is obtained after the forcing function and the damping of
the system is determined.

Cross flow may excite the structure with periodic vortex-shedding, which gives rise to a
lateral oscillatory lift force perpendicular to the flow direction, and a drag force in the flow
direction. The dimensionless vortex-shedding frequency, or Strouhal number S = fd/V, is a
function of the Reynolds number and is known for different cross sections. The structure is
usually designed so that its natural frequency in water is considerably higher than the
vortex-shedding frequency, to avoid coincidence. The lateral force per unit length is given by:

F(x, t) = CL [1/2 df (Vx)2]D cos ωt (3.9-3)

where CL is the oscillatory lift coefficient, including correlation length effects (CL depends
on the Reynolds number), df is fluid density, Vx is cross-flow velocity, D is the characteristic
diameter, and ω is the vortex- shedding circular frequency.

Data obtained from preoperational and shop tests are used to confirm the coefficients used.

The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

3.9.1.2.6 Vibration Monitoring

Since internals of a given type (i.e., two-, three-, or four-loop) are designed and
manufactured to essentially the same procedures and processes, and to similar drawings, the
response of these structures within a pressurized water reactor environment is similar.

Performance data from the instrumentation of actual reactors, as well as mechanical and
flow scale models, are available (References 1, 2, 3 & 4).

For example, preoperational flow test on the Indian Point II Plant, the four-loop
prototype plant, has been completed. The pre- and post- preoperational flow test examination of
the internals has been completed, indicating that all the components performed as predicted. No
evidence of damage or incipient failures has been found.

The testing programs consisted of measurements of the stresses, deflections, and
responses of select key points in the internals structures during hot-functional and low-power
physics tests. The main purpose of this testing program was to ensure that no unexpected large
amplitudes of vibration existed in the internals structure during operation.
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3.9.1.2.7 Dynamic Analysis of Safety-Related Mechanical Equipment

A description of the analyses used in the design of safety-related mechanical equipment
such as pumps and heat exchangers is given in Section 3.7.3.3.

3.9.1.2.8 Inelastic Stress Analysis

No plastic instability allowable limits given in ASME Section III are used when dynamic
analysis is performed. The limit analysis methods have the limits established by ASME
Section III for Normal, Upset, and Emergency Conditions. For these cases, the limits are
sufficiently low to ensure that the elastic system analysis is not invalidated. For faulted conditions,
the limits are specified in Section 5.2.1. These limits are established so that there is an
equivalence with the adopted elastic limits, and consequently the elastic system analysis will not
be invalidated. Particular cases of concern are checked by readjusting the elastic system analysis.

3.9.1.2.9 Core Components

Stainless steel clad silver-indium-cadmium alloy absorber rods are resistant to radiation and
thermal damage, thereby ensuring their effectiveness under all operating conditions. Rods of
similar design have been successfully used in the original and reload cores of San Onofre,
Connecticut Yankee, and others.

Two burnable poison (Reference 5) rods of smaller length than, but similar in design to, the
borosilicate glass design initially used in North Anna were exposed to inpile test conditions in the
Saxton Test Reactor in October 1967. A visual examination of the rods was made in early
June 1968, and a visual and profilometer examination was made on July 30, 1968, after an
exposure of 1900 effective full-power hour (approximately 25% B10 depletion). The rods were
found to be in excellent condition, and profilometry results showed no dimensional variation from
the initial condition.

An experimental verification of the reactivity worth calculations for borosilicate glass
tubing was completed prior to use of this material in the original North Anna burnable absorber
rods. Similar rods were successfully operated in the Ginna (Reference 6) reactor prior to the
startup of North Anna with no evidence of deficiency.

These tests, however, were by no means designed or intended to detect possible incipient
failures of all the various components within the core support structures. They were designed
with the purpose of giving data and results on what were assumed to be indicators of overall
cores support structure performance, and to verify particular stress and deflection quantities.
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Testing was performed during fabrication and assembly of these components to ensure that
manufacturing defects did not appear during the hot-functional tests. The basic program that was
used to ensure adequacy of manufacturing practices for the initial core components consisted of:

1. Extremely thorough nil-ductility temperature and quality assurance program at the internals
vendors.

2. Extensive visual examination at the plant site prior to hot-functional testing of the primary
system.

3. Running the hot-functional test with full flow for 240 hours, which accumulates
approximately 107 cycles on the majority of the core structure components.

4. Reexamining all areas of the internals after the 240-hour hot-functional test.

3.9.1.3 Earthquake Experience-based Method Developed for Unresolved Safety Issue
(USI) A-46

The USI A-46 methodology can be used to verify the seismic adequacy of Seismic Class I
mechanical equipment in accordance with Section 3.7.3.2.2.4.

3.9.2 ASME Code Class 2 and Class 3 Components

Active components are those whose operability is relied upon to perform a safety function,
such as a safe shutdown of the reactor or mitigation of the consequences of an accident.

The code applicability dates for North Anna Units 1 and 2 are such that Section III, Nuclear
Power Plant Components, of the ASME-1971 Code, does not apply. Nor do the proposed ANS
criteria for the design of stationary pressurized water reactor power plants apply to the design and
classification of the North Anna Units 1 and 2 systems and components. However, to assist in the
safety evaluation of Units 1 and 2, the information below is provided.

3.9.2.1 Stone & Webster Scope

Table 3.9-1 lists pumps and valves required to operate as stated above that are not part of the
reactor coolant pressure boundary, are supplied by Stone & Webster, and which, if
ASME III-1971 were applicable, would be classified as ASME Class 2 or 3 in accordance with
the guidelines of Regulatory Guide 1.26.

All motor-operated valves (MOV), manual valves, and check valves listed are built to
ANSI B16.5-1968 or later edition. All motor-operated, manual, check, and control valves are built
with the following quality control requirements, with acceptable limits as specified in individual
valve specifications:

1. Hydrostatic and seat leakage test.

2. Performance test (motor-operated valves and control valves only).

3. Radiography required for cast valves designed for greater than 300-psi service.
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4. Material certification.

5. Magnetic particle inspection required for carbon and low-alloy steel valves rated at 600 psi
and greater, which are not radiographed.

6. Liquid penetrant inspection required for stainless steel valves rated at 600 psi and greater,
which are not radiographed.

In addition to the above, the following valves require 100% liquid penetrant testing:

MOV-RS-155A, B

and 100% radiography and 100% liquid penetrant testing for these valves:

MOV-RS-156A, B

MOV-QS-101A, B

Valve motors conform to the standards of USAS for intermittent duty, and are totally
enclosed. Motors to be used in the containment have Class H insulation.

Main steam safety valves are designed in accordance with the functional requirements of
ASME III-1968 Edition with Addenda through Winter 1970 in addition to the above
requirements.

All valves and all pumps listed are designed to Seismic Class I requirements.

3.9.2.2 Westinghouse Scope

Table 3.9-2 lists components required to operate as stated above, which, if the
aforementioned design codes and criteria were applicable, would be classified as ASME Code
Section III, Class 2 or 3, under the criteria contained therein or in the proposed ANS criteria (for
Safety Class 2 or 3 systems or components) and the associated Westinghouse criteria.

The listed valves were designed in accordance with MSS-SP-66 and ANSI B16.5, and
tested in accordance with MSS-SP-61.

3.9.2.3 Nuclear Steam Supply System

3.9.2.3.1 Design Bases

Design pressure, temperature, and other loading conditions that provide the bases for design
of fluid systems other than ASME Class A components are presented in the corresponding
sections that describe the system in which the component is installed.

3.9.2.3.2 Design Loading Combinations and Stress Limits

The design criteria for ASME Class 2 and 3 components are given in Table 3.9-3.
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Stress limits, selected following the code intent, are sufficiently low to ensure that no gross
deformation will occur in active components, and that the active components will operate as
required following the event. The limits established for passive components ensure that violation
of the pressure-retaining boundary will not occur.

3.9.2.4 Stone & Webster Supplied Equipment

ASME Code Class B and C (1968) components were specified in accordance with
guidelines and stress criteria outlined in Section 3.7.3.2. ASME Code Class 2 and 3 piping
systems and components were specified in accordance with guidelines and stress criteria outlined
in Section 3.7.3.1.

The design approach and the criteria used to ensure the integrity of critical systems (and the
containment structure) from the effects of pipe whip (for piping other than within the reactor
coolant pressure boundary) are presented in Section 3.6.

All the applicable nonmandatory code case interpretations for ASME Section III (Nuclear
Power Plant Components), Section VIII (Pressure Vessels, Division 1 and Division 2),
ANSI-B31.7 (Nuclear Power Piping), ANSI-B31.1 (Power Piping), and ANSI-B16.5 (Valves)
that are approved by the American Society of Mechanical Engineers are used as the criteria for
design, analysis, fabrication, installation, and examination of components not within the reactor
coolant pressure boundary. In addition, all mandatory addenda to ASME Section III and
Section VIII codes, up to and including the 1971 Winter Addenda, are included in the design of
ASME Class 2 and Class 3 piping components.

The design pressure, temperature, and other loading conditions that provide the bases for
design of ASME Code Class 2 and 3 piping systems are defined in certified design specifications
as identified in NA-3250 of the ASME Code, Section III. The design and installation criteria for
the mounting of pressure-relieving devices on the main steam lines outside the containment are
presented in Section 3.7.3.1.

3.9.3 Components Not Covered By ASME Code

3.9.3.1 Nuclear Steam Supply System

3.9.3.1.1 Core and Internals Integrity Analysis (Mechanical Analysis)

3.9.3.1.1.1 Requirements. The response of the reactor core and vessel internals under excitation
produced by a RCL branch pipe rupture and seismic excitation for a typical Westinghouse
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pressurized water reactor plant internals has been determined. The following mechanical
functional performance requirements apply:

1. Following the design-basis accident, the basic operational or functional requirement to be
met for the reactor internals is that the plant shall be shut down and cooled in an orderly
fashion so that fuel cladding temperature is kept within specified limits. This implies that the
deformation of certain critical reactor internals must be kept sufficiently small to allow core
cooling.

2. For large breaks, the reduction in water density greatly reduces the reactivity of the core,
thereby shutting down the core whether the rods are tripped or not. The subsequent refilling
of the core by the emergency core cooling system uses borated water to maintain the core in
a subcritical state. Therefore, the main requirement is to ensure effectiveness of the
emergency core cooling system. Insertion of the control rods, although not needed, further
ensures the ability to shut the plant down and keep it in a safe-shutdown condition.

3. The functional requirements for the core structures during the design-basis accident are
shown in Table 3.9-4. The inward upper barrel deflections are controlled to ensure no contact
with the nearest rod cluster control guide tube. The outward upper barrel deflections are
controlled to maintain an adequate annulus for the coolant between the vessel inner diameter
and core barrel outer diameter.

4. The rod cluster control guide tube deflections are limited to ensure operability of the control
rods.

5. To ensure no column loading of rod cluster control guide tubes, the upper core plate
deflection is limited to the value shown in Table 3.9-4.

6. The reactor has mechanical provisions that are sufficient to maintain the core and internals
design, and to ensure that the core is intact, with acceptable heat transfer geometry, following
transients arising from the design-basis accident operation conditions.

7. The core internals are designed to withstand mechanical loads arising from the
operating-basis earthquake, design-basis earthquake, and pipe ruptures (References 1, 2, 3
& 7).

3.9.3.1.1.2 Faulted Conditions. The following events are considered in this category:

1. Loads produced by a RCL branch pipe rupture for both cases: cold-leg and hot-leg break.

2. Response due to a design-basis earthquake, as described previously in the seismic analysis.

3. Maximum stresses obtained in each case are added in the most conservative manner.

Maximum stress intensities are compared to allowables for each condition. When fatigue is
of concern, the applicable stress concentration factors are determined and peak stresses are used
to establish the usage factor. For faulted conditions, the Code permits the stresses to be above
yield. For these cases only, when deformation requirements exist, a plastic analysis is
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independently performed to ensure that functional requirements are maintained (guide tubes
deflections and core barrel expansion).

These analyses show that the stresses and deflections that would result following a faulted
condition are less than those that would adversely affect the integrity of the structures. Also, the
natural and applied frequencies are such that resonance problems do not occur.

3.9.3.1.1.3 Reactor Internals Response Under Blowdown and Seismic Excitation. A LOCA
would result from a rupture of reactor coolant piping. During the blowdown, reactor internal
components are subjected to vertical and horizontal excitation as rarefaction waves propagate
inside the reactor vessel.

For large breaks, the reduction in water density greatly reduces the reactivity of the core,
thereby shutting down the core whether the rods are tripped or not. The subsequent refilling of the
core by the emergency core cooling system uses borated water to maintain the core in a subcritical
state. Therefore, the main requirement is to ensure effectiveness of the emergency core cooling
system.

The pressure waves generated within the reactor are highly dependent on the location and
nature of the postulated pipe failure. In general, the more rapid the severance of the pipe, the more
severe the imposed loadings on the components. A 1-millisecond severance time is taken as the
limiting case.

In the case of the hot-leg break, a rarefaction wave propagates through the reactor hot-leg
nozzle into the interior of the upper core barrel. Since the wave has not reached the flow annulus
on the outside of the barrel, the upper barrel is subjected to an impulsive compressive wave. Thus,
dynamic instability (buckling) or large deflections of the upper core barrel, or both, are possible
responses of the barrel during hot-leg blowdown. In addition to the above effects, the hot-leg
break results in transverse loading on the upper core components as the fluid exits the hot-leg
nozzle.

In the case of the cold-leg break, a rarefaction wave propagates along a reactor inlet pipe
arriving first at the core barrel at the inlet nozzle of the broken loop. The upper barrel is then
subjected to a non-axisymmetric expansion radial impulse that changes as the rarefaction wave
propagates, both around the barrel and down the outer flow annulus between vessel and barrel.
After the cold-leg break, the initial steady-state hydraulic lift forces (upward) decrease rapidly
(within a few milliseconds) and then increase in the downward direction. These cause the reactor
core and lower support structure to move initially downward.

If a simultaneous seismic event with the intensity of the design-basis earthquake is
postulated with the LOCA, the imposed loading on the internals component may be additive in
certain cases; therefore, the combined loading must be considered. In general, however, the
loading imposed by the earthquake is small compared to the blowdown loading.
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3.9.3.1.2 Acceptance Criteria

The criteria for acceptability in regard to mechanical integrity analyses are that adequate
core cooling and core shutdown must be ensured. This implies that the deformation of the reactor
internals must be sufficiently small so that the geometry remains substantially intact.
Consequently, the limitations established on the internals are concerned principally with the
maximum allowable deflections and/or stability of the parts, in addition to a stress criterion, to
ensure integrity of the components.

3.9.3.1.2.1 Allowable Deflection and Stability Criteria. For  the  loss  of  coolant  p lus  the
maximum potential earthquake condition, deflections of critical internal structures are limited to
the values given in Table 3.9-4.

In a hypothesized downward vertical displacement of the internals, energy-absorbing
devices limit the vertical downward displacement of the internals.

Upper Barrel

The upper barrel deformation has the following limits:

1. To ensure a shutdown and cooldown of the core during blowdown, the basic requirement is a
limitation on the outward deflection of the barrel at the locations of the inlet nozzles
connected to the unbroken lines. A large outward deflection of the barrel in front of the inlet
nozzles, accompanied by permanent strains, could close the inlet area and stop the cooling
water coming from the accumulators. Consequently, a permanent barrel deflection in front of
the unbroken inlet nozzles larger than a certain limit, called the “no loss of function” limit,
could impair the efficiency of the emergency core cooling system.

2. To ensure rod insertion and to avoid disturbing the control rod cluster guide structure, the
barrel should not interfere with the guide tubes. This condition also requires a stability check
to ensure that the barrel will not buckle under the accident loads.

Control Rod Cluster Guide Tubes

The guide tubes in the upper core support package house the control rods. The deflection
limits were established from tests.

Fuel Assembly

The limitations for this case are related to the stability of the thimbles in the upper end. The
upper end of the thimbles must not experience stresses above the allowable dynamic compressive
stresses. Any buckling of the upper end of the thimbles due to axial compression could distort the
guide line and thereby affect the free fall of the control rod.
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Upper Package

The local vertical deformation of the upper core plate, where a guide tube is located, shall
be less than 0.100 in. This deformation will cause the plate to contact the guide tube, since the
clearance between plate and guide tube is 0.100 inch. This limit prevents the guide tubes from
undergoing compression. For a plate local deformation of 0.150 inch, the guide tube will be
compressed and deformed transversely to the upper limit previously established; consequently,
the value of 0.150 inch is adopted as the “no loss of function” local deformation, with an
allowable limit of 0.100 inch. These limits are given in Table 3.9-4.

3.9.3.1.2.2 Allowable Stress Criteria. The allowable stress limits during the design-basis
accident used for the core support structures are based on the limits specified in Section 5.2.1.
This section defines various criteria based on their corresponding method of analysis.

3.9.3.1.3 Methods of Analysis

The internal structures are analyzed for loads corresponding to normal, upset, emergency,
and faulted conditions. The analysis performed depends on the mode of operation under
consideration.

The scope of the stress analysis problem is very large, requiring many different techniques
and methods, both static and dynamic. A comprehensive explanation of all the techniques and
analytical methods used cannot be included in the scope of this document. The more important
and relevant methods are presented as an overview in Section 3.9.1, and summarized in the
following.

3.9.3.1.4 Blowdown Forces Due to Cold-Leg and Hot-Leg Break

Reactor Internals Analysis

The evaluation of the reactor internals is composed of two parts. The first part is the
three-dimensional response of the reactor internals resulting from the RCL branch pipe break
conditions. The reactor internals response is taken from the WECAN RPV and internals system
response. The second part of this evaluation is the core-barrel shell response which consists of the
various n = 0, 2, 3, etc., ring mode response occurring in the horizontal plane. This second part, or
ring mode evaluation, is independent of the loop forces.

Analysis of the reactor internals for blowdown loads resulting from an RCL branch pipe
break is based on the time-history applied blowdown forcing functions. For the North Anna Units,
the limiting auxiliary line breaks that were considered were the pressurizer surge line (98.35 in2)
and the accumulator line break (86.59 in2). The forcing functions are defined at points in the
system where differential loads are generated during the blowdown transient. The dynamic
mechanical analysis can employ the displacement method, lumped parameters, and stiffness
matrix formulations, and assumes that all components behave in a linearly elastic manner.
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In addition, because of the complexity of the system and the components, it is necessary to
use finite element stress analysis codes to provide more detailed information at various points.

MULTIFLEX a blowdown digital computer program (Reference 8), which was developed
for the purpose of calculating local fluid pressure, flow, and density transients that occur in
pressurized water reactor coolant systems during a LOCA, is applied to the subcooled, transition,
and saturated two-phase blowdown regimes. This in contrast to programs such as WHAM
(Reference 9) which are applicable only to the subcooled region and which, due to their method of
solution, could not be extended into the region in which larger changes in the sonic velocities and
fluid densities take place. MULTIFLEX is based on the method of characteristics wherein the
resulting set of ordinary differential equations, obtained from the laws of conservation of mass,
momentum, and energy, are solved numerically, using a fixed mesh in both space and time.

Although spatially one-dimensional, conservation laws are employed, the code can be
applied to describe three-dimensional system geometries by use of the equivalent piping
networks. Such piping networks may contain any number of pipes or channels of various
diameters, dead ends, branches (with up to six pipes connected to each branch), contractions,
expansions, orifices, pumps, and free surfaces (such as in the pressurizer). System losses such as
friction, contraction, and expansion, as well as some effects of the water/solid interaction, are
considered.

The MULTIFLEX code evaluates the pressure and velocity transients for a maximum of
2400 locations throughout the system. Each reactor component for which calculations are
required is designated as an element and assigned an element number. Forces acting upon each of
the elements are calculated, summing the effects of:

1. The pressure differential across the element

2. Flow stagnation on, and unrecovered orifice losses across, the element

3. Friction losses along the element

Input to the calculation code, in addition to the blowdown pressure and velocity transients,
includes the effective area of each element on which the force acts due to the pressure differential
across the element, a coefficient to account for flow stagnation and unrecovered orifice losses, and
the total area of the element along which the shear forces act.

The reactor internals analysis has been performed using the following assumptions:

• The analysis considers the effect of hydroelasticity.

• The reactor internals are represented by concentric pipes, beams, concentrated masses,
linear and nonlinear springs, and dashpots simulating the nonlinear response of the
components.
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• The model described is considered to have a sufficient number of degrees of freedom to
represent the most important modes of vibration in both the horizontal and vertical
directions.

The pressure waves generated within the reactor are highly dependent on the location and
nature of the postulated pipe failure. In general, the more rapid the severance of the pipe, the more
severe the imposed loadings on the components. A 1-millisecond time is taken as the limiting
case.

In the case of a hot leg branch pipe break, a rarefaction wave propagates through the reactor
hot leg nozzle into the interior of the upper core barrel. Since the wave has not reached the flow
annulus on the outside of the barrel, the upper barrel is subjected to an impulsive compressive
wave. Thus, dynamic instability (buckling) or large deflections of the upper core barrel, or both,
are possible responses of the barrel during hot leg blowdown. In addition to the above effects, the
hot leg break results in transverse loading on the upper core components as the fluid exits the hot
leg nozzle.

In the case of a cold-leg branch pipe break, a rarefaction wave propagates along a reactor
inlet pipe, arriving first at the core barrel at the inlet nozzle of the affected loop. The upper barrel
is then subjected to a non-axisymmetric expansion radial impulse which changes as the
rarefaction wave propagates both around the barrel and down the outer flow annulus between
vessel and barrel. After the cold leg break, the initial steady-state hydraulic lift forces (upward)
decrease rapidly (within a few milliseconds) and then increase in the downward direction.

If a simultaneous seismic event with the intensity of the SSE is postulated with the LOCA,
the combined effect of the maximum stresses for each case is considered. In general, the loading
imposed by the earthquake is small compared to the blowdown loading.

A summary of the analysis for major components is presented in the following paragraphs.
Reference 8 provides the basis methodology used in the reactor internals blowdown analysis.

1. Core Barrel

For the hydraulic analysis of the pressure transients during hot-leg branch pipe blowdown,
the maximum pressure drop across the barrel is uniform radial compressive impulse.

The barrel is then analyzed for dynamic buckling using the following conservative
assumptions:

a. The effect of the fluid environment is neglected.

b. The shell is treated as simply supported.

During a cold-leg branch pipe blowdown, the upper barrel is subjected to a
non-axisymmetric expansion radial impulse which changes as the rarefaction wave propagates
both around the barrel and down the outer flow annulus between vessel and barrel.
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The analysis of transverse barrel response to a cold-leg branch pipe blowdown is performed
as follows:

a. The core barrel is analyzed as a shell with two variable sections to model the core barrel

flange and core barrel.

b. The core barrel is modeled as a beam elastically supported at the top and at the lower

radial support. The thermal shield is modeled as a beam elastically supported at the top

support blocks and at the flexures. The dynamic response is then obtained.

2. Guide Tubes

The dynamic loads on Rod Cluster Control (RCC) guide tubes are more severe for a LOCA
caused by hot-leg branch pipe rupture than for an accident caused by cold-leg branch pipe
rupture, since the cold-leg break leads to much smaller changes in the transverse coolant flow
over the Rod Cluster Control Assembly (RCCA) guides. The guide tubes in closest proximity
to the outlet nozzle for a hot-leg branch pipe break are the most severely loaded. The
transverse guide tube forces during a blowdown decrease with increasing distance from the
ruptured nozzle location.

A detailed structural analysis of the RCC guide tubes is performed to establish the equivalent
cross section properties and elastic end support conditions. An analytical model is verified by
subjecting the RCC guide tube to a concentrated force applied at the midpoint of the lower
guide tube. In addition, the analytical model has been previously verified through numerous
dynamic and static tests performed on the 17 x 17 guide tube design.

The response of the guide tubes to the transient loading from blowdown resulting from
hot-leg branch pipe breaks is found by representing the guide tube as an equivalent
three-dimensional beam in which each node of the beam has six degrees of freedom.

3. Upper Support Columns

Upper support columns located close to the nozzle of the affected hot-leg will be subjected to
transverse loads due to cross flow. The loads applied to the columns are computed with a
method similar to the one used for the guide tubes; i.e., by taking into consideration the
increase in flow across the column during the accident. The columns are studies as beams
with variable sections and the resulting stresses are obtained using the reduced section
modulus and appropriate stress risers for the various sections.

4. Results of Reactor Internals Analysis

Maximum stresses due to the SSE (vertical and horizontal components) and a LOCA were
obtained and combined. All core support structure components were found to be within
acceptable stress and deflection limits for both hot-leg and cold-leg branch pipe LOCAs
occurring simultaneously with the SSE; the stresses and deflections which would result
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following a faulted condition are less than those which would adversely affect the integrity of
the core support structures. The barrel does not buckle during a hot-leg branch pipe break and
it meets the allowable stress limits during all specified transients.

The results obtained from the analyses indicate that for certain interfacing components, the
relative displacement between the components will close the gaps, and consequently the
structures will impact each other. The effects of the gaps that could exist between vessel and
barrel, between fuel assemblies, and between fuel assemblies and baffle plates, were
considered in the analysis using non-linear analysis. The stress intensities are within
acceptable limits.

Even though control rod insertion is not required for plant shutdown following a large break
LOCA, this analysis shows that most of the guide tubes will deform within the limits
established to assure control rod insertion. For the guide tubes deflected above the
no-loss-of-function limit, it must be assumed that the rods will not drop. However, the core
will still shut down due to the negative reactivity insertion in the form of core voiding.
Shutdown will be aided by the great majority of rods that do drop. Seismic deflections of the
guide tubes are generally negligible by comparison with the no-loss-of-function limit.

3.9.3.2 Stone & Webster Supplied Equipment

Safety-related mechanical components (Seismic Class I) not covered by the ASME Boiler
and Pressure Vessel Code are seismically qualified within the criteria and procedures of
Section 3.7.3.2. Non-ASME Code components typically include diesel generators and emergency
ventilation equipment. Cranes are seismically qualified in accordance with a criterion that
precludes the possibility of the crane being dislodged by a seismic disturbance.

Except as noted elsewhere, if any code is used for the design of a component, the guidelines
of Section 3.7.3.2 generally require addition of the operational-basis earthquake load with no
increase in code-allowable stress. The general criteria for analysis of the design-basis earthquake
and pipe rupture (if applicable) loads require that deformation of components be allowed only
with no loss of function. Generally, stress limits are set for the design-basis earthquake so that
lower bound limit loads are not exceeded (as in Section 3.9.2).

3.9.3.3 Operability of Valve Appurtenances

To ensure that a non-Code appurtenance (e.g., position switch) will not prevent the proper
operation of valves, such devices are also seismically qualified to limits comparable to the valve.

The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

The following cases are typical examples of seismic qualification testing of
appurtenances vital to the operation of active pumps and valves.
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3.9.3.3.1 Seismic Qualification Test of National Acme Company Snap-Lock Electric Switch
No. D 2400X-2

A seismic qualification test program of National Acme snap-lock electric switch
No. D 2400X-2 was conducted by Fisher Controls Company and reported in document
No. 1529, dated November 2, 1975. Testing was conducted with the switch assembly fastened
to a metal plate, which in turn was attached to a shaker table. All tests were conducted with the
switch in an operating condition. The following is a summary of the test procedure and results.

Test Procedure

1. Conduct a continuous frequency sweep for each of the three axes from 5 to 60 Hz at an
acceleration level of 1.0g in no less than 31 seconds.

2. If the resonant frequency is less than 33 Hz, conduct a 4g 1-minute dwell at the resonant
frequency and at 10 and 33 Hz.

3. If the resonant frequency is greater than 33 Hz, conduct a 4g 1-minute dwell at 10, 17, 25
and 33 Hz and at the resonant frequency if it is less than 60 Hz.

Test Results

The snap-lock electric switch performed satisfactorily with no malfunctions noted, and
meets or exceeds the specifications outlined in the test procedure.

3.9.3.3.2 Seismic Qualification of Solenoid Valves

ASCO valves were tested during a seismic qualification test program for the solenoid
valves used on the Westinghouse-supplied active air-operated valves. The test dynamic input
forces were of 3g horizontal and 2g vertical. Also, frequency search and dwell tests, with the
unit in its operational mode, were conducted. Additional information on component
qualification can be found in Section 3A.48.
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Table 3.9-1
TYPES OF PUMPS AND VALVES - STONE & WEBSTER SCOPE

Pumps (Units 1 and 2)
Number Description Type
1,2 SW-P-1A,B Service water pumps Vertical turbine
1,2 SW-P-2 Service water screenwash pump Vertical turbine
1,2 SW-P-4 Auxiliary service water pump Vertical turbine
1,2 SW-P-5,6,7,8 Radiation monitor recirculation spray Turbine
1,2 CC-P-1A,B Component cooling pump Centrifugal
1 RS-P-1A,B Inside recirculation spray pump Vertical turbine
1 RS-P-2A,B Outside recirculation spray pump Vertical turbine
1 QS-P-1A,B Quench spray pumps Centrifugal
1 FC-P-1A,B Fuel pit cooling pumps Centrifugal
1 FW-P-2
1 FW-P-3A,B

Auxiliary steam generator feed 
pumps

Centrifugal

1 CW-P-2B
2 CW-P-2A

Circulating water screenwash pumps Vertical turbine

Valves, Component Cooling System
(Unit 1 Valves Listed, Unit 2 Valves Identical)

Number Line Type Size
TV-CC-104A,B,C Cooling water supply to reactor 

coolant pump
Butterfly 8 in.

TV-CC-102A,B,C,D,E,
F

Cooling water return from reactor 
coolant pump

Butterfly 8 in.

TV-CC-106A,B,C Coolant water supply to reactor 
coolant pumps

Globe 4 in.

MOV-CC-100A,B Cooling water return residual heat 
removal

Butterfly 18 in.

TV-CC-101A,B Thermal barrier cooling water return Globe 4 in.
TV-CC-103A,B Cooling water return residual heat 

removal
Butterfly 18 in.

TV-CC-115A,B,C Chilled water to/from recirculation 
air coolers

Butterfly  8 in.

TV-CC-100A,B,C
TV-CC-105A,B,C

Recirculation air cooler cooling 
water return

Butterfly
Butterfly

6 in.
6 in.

1 CC-193, 198 a Cooling water supply to residual heat 
removal heat exchanger

Check 18 in.

a. Unit 2 valves are similar with different mark numbers.
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Valves, Component Cooling System
(Unit 1 Valves Listed, Unit 2 Valves Identical) 

(continued)
Number Line Type Size
1 CC-84, 119, 154 a Cooling water supply to reactor 

coolant pump
Check 8 in.

1 CC-546, 559, 512 a Cooling water to recirculation air 
coolers

Check  6 in.

Recirculation Spray and Quench Spray Systems
(Unit 1 Valves Listed, Unit 2 Valves Identical)

Number Line Type Size
MOV-RS-155A,B Outside recirculation spray pump 

suction
Gate 12 in.

MOV-RS-156A,B b Outside recirculation spray pump 
discharge

Gate 10 in.

MOV-QS-100A,B Quench spray suction Gate 10 in.
MOV-QS-101A,B Quench spray pump discharge Gate  8 in.
1 RS-18, 27 a Recirculation spray containment 

isolation check valves
Check 10 in.

1 QS-11, 19 a Quench spray containment isolation 
check valves

Check  8 in.

Main Steam System
(Unit 1 Valves Listed, Unit 2 Valves Identical)

Number Line Type Size
PCV-MS-101A,B,C Atmospheric steam dump globe Angle

globe
6 in.

HCV-MS-104 Decay heat release Globe  4 in.
TV-MS-110 Main steam line to steam generator 

blowoff
Gate 1-1/2 in.

TV-MS-101A,B,C Steam generator isolation valves Check 32 in.
NRV-MS-101A,B,C Nonreturn valves Angle stop 

check
32 in.

TV-MS-113A,B,C Main steam bypass line Globe 3 in.
TV-MS-111A,B Steam to auxiliary feed pump drive Globe  3 in.
HCV-FW-100A,B,C Auxiliary feed header isolation Globe  3 in.

a. Unit 2 valves are similar with different mark numbers.
b. MOV-RS-256A, B are similar but not identical to MOV-RS-156A, B. The service requirements for both 

units MOVs are identical.

Table 3.9-1  (continued) 
TYPES OF PUMPS AND VALVES - STONE & WEBSTER SCOPE
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Main Steam System
(Unit 1 Valves Listed, Unit 2 Valves Identical) 

(continued)
Number Line Type Size
MOV-FW-100A,B,C, D Auxiliary feed header isolation Globe 3 in.
TV-BD-100A,B,C, D, 
E, F

Steam generator blowdown Globe  3 in.

TV-MS-109 Drain main steam to condenser Globe  3 in.
SV-MS-101A,B,C
SV-MS-102A,B,C
SV-MS-103A,B,C
SV-MS-104A,B,C
SV-MS-105A,B,C

Main steam safety valves  6 x 10 in.

1 FW-162, 180 (4")
1 FW-145, 160, 173, 
229, 230 (6")
1 FW-143 (8") a

Auxiliary feed supply Gate 4, 6, and 8 
in.

1 FW-142 a 100,000-gal condensate storage tank 
cross-connect to 300,000-gal 
condensate storage tank

Gate  6 in.

1 FW-166, 172, 184, 
190 (4")
1 FW-149, 155 (6") a

Auxiliary feed pump discharge Gate 4 and 6 in.

1 FW-47, 79, 111 a Feedwater isolation Check 16 in.

Service Water System
Number Line Type Size
MOV-SW-101A,B,C,D Recirculation spray cooling supply Butterfly 24 in.
MOV-SW-105A,B,C,D Recirculation spray cooling 

discharge
Butterfly 24 in.

MOV-SW-201A,B,C,D Recirculation spray cooling supply Butterfly 24 in.
MOV-SW-205A,B,C,D Recirculation spray cooling 

discharge
Butterfly 24 in.

MOV-SW-110A,B Service water recirculation air 
cooling supply

Butterfly  8 in.

MOV-SW-114A,B Service water recirculation air 
cooling discharge

Butterfly  8 in.

MOV-SW-210A,B Service water recirculation air 
cooling supply

Butterfly 8 in.

MOV-SW-214A,B Service water recirculation air 
cooling discharge

Butterfly  8 in.

a. Unit 2 valves are similar with different mark numbers.

Table 3.9-1  (continued) 
TYPES OF PUMPS AND VALVES - STONE & WEBSTER SCOPE
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Service Water System (continued)
Number Line Type Size
MOV-SW-113B, 213B Service water to fuel pit coolers Butterfly  10 in.
MOV-SW-113A, 213A Service water from fuel pit coolers Butterfly 10 in.
MOV-SW-121A,Bc

MOV-SW-221A,Bc

MOV-SW-122A,Bc

MOV-SW-222A,Bc

Service Water Reservoir Spray 
system - spray array piping

Butterfly 18 in.

MOV-SW-123A,Bc

MOV-SW-223A,Bc
Service Water Reservoir spray 
system-bypass piping

Butterfly 24 in.

MOV-SW-103A,B,C,D Recirculation spray heat exchanger 
supply

Butterfly 16 in.

MOV-SW-104A,B,C,D Recirculation spray heat exchanger 
discharge

Butterfly 16 in.

MOV-SW-203A,B,C,D Recirculation spray heat exchanger 
supply

Butterfly 16 in.

MOV-SW-204A,B,C,D Recirculation spray heat exchanger 
discharge

Butterfly 16 in.

MOV-SW-102A,B
MOV-SW-202A,B

Recirculation spray supply cross 
connection

Butterfly 24 in.

MOV-SW-106A,B
MOV-SW-206A,B

Recirculation spray discharge cross 
connection

Butterfly 24 in.

MOV-SW-108A,B
MOV-SW-208A,B

Service water to component cooling Butterfly 24 in.

MOV-SW-119,219 Service water makeup Butterfly 8 in.
MOV-SW-117,217
MOV-SW-115A,B
MOV-SW-215A,B

Auxiliary service water supply Butterfly 24 in.

MOV-SW-120A,B
MOV-SW-220A,B

Auxiliary service water discharge Butterfly 24 in.

TV-SW-101A,B
TV-SW-201A,B

Service water recirculation air 
cooling coils

Butterfly  8 in.

1 SW-120, 130, 140, 
150 a

Service water to recirculation spray 
coolers

Check 16 in.

a. Unit 2 valves are similar with different mark numbers.
c. These twelve valves were specified, procured and installed by Virginia Power. They replaced the original 

four MOV-SW-100A, B and 200A, B valves.

Table 3.9-1  (continued) 
TYPES OF PUMPS AND VALVES - STONE & WEBSTER SCOPE
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Table 3.9-2
TYPES OF PUMPS AND VALVES - WESTINGHOUSE SCOPE

Pumps

Mark Number a Description Type

1-CH-P-1A,B,C Charging/high-head injection pumps Centrifugal

1-SI-P-1A,B Low-head safety injection pumps Centrifugal

1-RH-P-1A,B Residual heat removal pumps Centrifugal

Valves
Chemical and Volume Control System

Mark Number a Line Type Size

1-CH-HCV-1311 Auxiliary spray Globe 2 in.

1-CH-TV-1204A,B Letdown line containment isolation Globe 2 in.

1-CH-MOV-1350 Emergency boration Gate 2 in.

1-CH-FCV-1113A Boric acid blender Globe 1 in.

1-CH-FCV-1113B Boric acid blender to VCT outlet Diaphragm 2 in.

1-CH-MOV-1115C,E Volume control tank outlet isolation Gate 4 in.

1-CH-MOV-1115B,D Emergency makeup from refueling 
water storage tank

Gate 8 in.

1-CH-MOV-1275A,B,C Charging pump minimum flow 
recirculation line

Globe 2 in.

1-CH-MOV-1373 Charging pump minimum flow 
recirculation header isolation

Gate 3 in.

1-CH-MOV-1289A,B Charging header isolation Gate 3 in

1-CH-MOV-1370 Reactor coolant pump seal injection line 
isolation

Gate 3 in.

1-CH-MOV-1380
1-CH-MOV-1381

Reactor coolant pump seal-water return 
line

Gate 3 in.

1-CH-HCV-1137 Excess letdown flow control Globe 3/4 in.

1-CH-HCV-1142 Letdown flow control from residual 
heat removal system

Globe 2 in.

1-CH-HCV-1186 Seal injection flow control Globe 3 in.

1-CH-FCV-1122 Charging control valve Globe 3 in.

1-CH-PCV-1145 Letdown low-pressure control Globe 2 in.

a. Unit 1 equipment is identified. Unit 2 equipment is similar.
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Safety Injection System

Mark Number a Line Type Size

1-SI-MOV-1885A,B Low-head safety injection (LHSI) pump 
minimum flow isolation

Globe  2 in.

1-SI-MOV-1885C Minimum flow and test line (return to 
RWST) isolation

Globe  2 in.

1-SI-TV-1884A,B Boric acid from boron injection tank 
(BIT) to boric acid storage tank (BAST)

Globe  1 in.

1-SI-TV-1884C Boric acid from BAST isolation to BIT Globe  1 in.

1-SI-MOV-1890C,D LHSI cold leg injection Gate 10 in.

1-SI-MOV-1890A,B LHSI hot leg injection Gate 10 in.

1-SI-MOV-1864A,B LHSI pump header isolation Gate 10 in.

1-SI-MOV-1869A,B High-head hot leg recirculation Gate  3 in.

1-SI-MOV-1867A,B BIT inlet isolation Gate  3 in.

1-SI-MOV-1867C,D BIT outlet isolation Gate  3 in.

1-SI-MOV-1860A,B Containment sump isolation Gate 12 in.

1-SI-MOV-1862A,B LHSI pump inlet from RWST Gate 12 in. b

1-SI-MOV-1863A,B Low-head to high-head pump 
recirculation isolation

Gate  8 in.

Residual Heat Removal System

Mark Number a Line Type Size

1-RH-FCV-1605 Residual heat exchanger bypass flow Butterfly 12 in.

1-RH-HCV-1758 Residual heat exchanger flow control Butterfly 12 in.

a. Unit 1 equipment is identified. Unit 2 equipment is similar.
b. Unit 1 valves are 12 inches. Unit 2 valves are 10 inches.

Table 3.9-2  (continued) 
TYPES OF PUMPS AND VALVES - WESTINGHOUSE SCOPE
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Table 3.9-4
MAXIMUM DEFLECTIONS SPECIFIED

FOR REACTOR INTERNAL SUPPORT STRUCTURES

Component
Allowable

Deflections (in.)
No-Loss-of-Function

Deflection (in.)
Upper barrel

Radial inward 4.38 8.77
Radial outward 1.0 1.5

Rod cluster control
Guide tubes 1.0 1.6
Upper package 0.1 0.150
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The following information is HISTORICAL and is not intended or expected to be updated for the 
life of the plant.

Figure 3.9-1 
VIBRATION CHECKOUT FUNCTIONAL TEST INSPECTION DATA (686J544)
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Figure 3.9-2 
THERMAL SHIELD: MODE SHAPE N=4: OBTAINED FROM SHAKER TEST
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Figure 3.9-3 
THERMAL SHIELD: MAXIMUM AMPLITUDE OF
VIBRATION DURING PREOPERATIONAL TESTS
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Figure 3.9-4 
REACTOR VESSEL AND TYPICAL SUPPORTED NOZZLE
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Figure 3.9-5 
CORE BARREL SUBMODEL
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Figure 3.9-6 
INTERNALS SUBMODEL
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3.10 SEISMIC DESIGN OF CLASS I INSTRUMENTATION
AND ELECTRICAL EQUIPMENT

3.10.1 Nuclear Steam Supply System

For either earthquake (operating or design-basis), the equipment will be demonstrated to
maintain its functional capability, i.e., shut the plant down and maintain it in a safe-shutdown
condition.

For the design-basis earthquake, there may be permanent deformation of the equipment
provided that the capability to perform its function is maintained.

Typical protection system equipment is subjected to type tests under simulated seismic
motion consisting of sine beats to demonstrate its ability to perform its functions.

Type testing has been done on this equipment by using conservatively large accelerations
and applicable frequencies. This testing conforms to the IEEE Standard 344-1971, IEEE
Recommended Practices for Seismic Qualification of Class 1E Equipment for Nuclear Power
Generating Stations. Analyses such as are performed for structures are not used for the reactor
protection system equipment. However, the peak accelerations used are checked against those
derived by structural analyses of operating and design-basis earthquake loadings.

Seismic analysis or testing of new electrical equipment or modifications to existing
electrical equipment can be performed in accordance with IEEE 344-1975 as endorsed by
Regulatory Guide 1.100, Revision 1 and IEEE 344-1987 as endorsed by Regulatory Guide 1.100,
Revision 2. As an alternative, the experience-based methodology of USI A-46 can be used in
accordance with Section 3.7.3.2.2.4.

References 1 through 7 provide the seismic evaluation of Seismic Class I instrumentation
and electrical equipment. The results show that there were no electrical irregularities that would
leave the plant in an unsafe condition even though some trips were initiated.

The reactor trip switchgear, Type DB50, has been seismically tested over the range of 1 to
35 Hz. The tests were conducted during the month of December 1973 at the Westinghouse
Astronuclear Laboratory, and are reported in Supplement 6 to WCAP-7817 (Reference 6).

Modifications to the reactor trip switchgear were performed to satisfy NRC Generic
Letter 83-28 dated July 8, 1983, to improve reactor trip switchgear reliability. The modifications
included replacing the reactor trip switchgear shunt trip attachment and the installation of a shunt
trip panel and electrical components to perform automatic actuation of the shunt trip attachment.
The replacement shunt trip attachment and all components associated with the automatic
actuation of the shunt trip attachment have been seismically qualified in accordance with
IEEE-344-1975 and were installed such that the original qualification of the reactor trip
switchgear was not compromised.
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Resistance temperature detectors used to sense the temperature in the main coolant loops
have been seismically qualified by type testing in accordance with IEEE 344-1975.

The nuclear instrumentation system power range neutron detector has been sinusoidally
tested in both the transverse (horizontal) direction and the longitudinal (vertical) direction. The
performance of the chamber was evaluated by checking resistance, capacitance, and neutron
sensitivity before and after the tests. No significant changes were seen. There was no mechanical
damage to the detector.

3.10.2 Stone & Webster Furnished Equipment

Seismic Class I (Safety related) instrumentation and electrical equipment are designed to
maintain their capability to:

1. Initiate a protective action during the design-basis earthquake and the operating-basis
earthquake.

2. Withstand seismic disturbances during postaccident operation.

Instrumentation and electrical equipment are seismically qualified in accordance with Stone
& Webster’s general instructions for earthquake requirements. These Stone & Webster
requirements either supplement the requirements of applicable industry codes, such as IEEE
STD 344-1971, or provide guidance for testing where no such codes are available. Seismic
analysis or testing of new electrical equipment or modifications to existing electrical equipment
can be performed in accordance with IEEE 344-1975 as endorsed by Regulatory Guide 1.100,
Revision 1, and IEEE 344-1987, as endorsed by Regulatory Guide 1.100, Revision 2. As an
alternative, the experience-based methodology of USI A-46 can be used in accordance with
Section 3.7.3.2.2.4. Class I instrumentation and electrical equipment may be qualified as an
individual component, as part of a simulated structural section, or as part of a completely
assembled module or unit.

The response of racks, panels, cabinets, and consoles is considered in assessing the
capability of instrumentation and electrical equipment. Mounted components are qualified, as a
minimum, to acceleration levels consistent with those transmitted by their supporting structure. A
design objective is to minimize amplification of floor acceleration by supporting members to
mounted components.

Determination of amplification and seismic adequacy of instruments and electrical
equipment was implemented by the analysis and testing methods outlined in Section 3.7.3.2.2.

Cable tray systems are designed for static acceleration loads equal to 1.3 times the
applicable peak amplified resonant response at the support points, using a value of 5% damping.

The adequacy of the 1.3 dynamic amplification factor is justified by the results of analysis
of a typical cable tray system, which indicates the conservatism of the factor. The model and
results are shown in Figure 3.10-1. Results are based on a flat response spectrum of 1g and
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indicate factors below 1.0 for both square-root-of-sum-of-squares and absolute-sum modal
combinations. The criterion outlined in Section 3.7.3.2 is used in this evaluation. Support systems
are designed (or purchased already designed) so that no adverse deformation or failure is allowed
for the design-basis earthquake. For the operating-basis earthquake, normal working stresses are
maintained.

Conduit support systems are designed since 1982 for static acceleration loads equal to the
applicable peak amplified resonant response at the support points, using a value of 1/2% damping
for OBE and 1% damping for DBE. The use of conservative damping justifies the use of the 1.0
dynamic amplification factor. For cases where 5% damping factor is used, a dynamic
amplification factor of 1.3 is used. The justification for the use of 1.0 Dynamic Amplification
Factor is provided in the resolution to ECR-0165.

Standard safety-related conduit supports are provided in the Specification NAS-2016.

Control Storage Batteries 1-I, 1-II, 1-III, 1-IV, 2-I, 2-II, 2-III and 2-IV are Exide
type 2-GN-23 cells. The cells and two tier battery rack were subjected to simulated seismic
testing dynamic analysis (Reference 73).

The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

The main control board instrumentation (Wolfe & Mann) and panels of auxiliary control
and relays (Wolfe & Mann) were qualified by component testing. The test input to each
component device was based on the assumption that the boards and panels were analytically
verified as rigid bodies. Details of the analysis and results demonstrating that the boards and
panels are rigid are given in References 8 through 17.

Verification for other specific equipment is given in the following references.

Equipment References

Circuit breakers on distribution panels (General Electric) 18-25

Clark Relays (714 UP. 6X, Model 7314) and electric governor control logic unit 
on the control panels of emergency diesel generator (Fairbanks Morse, Inc.)

26-29

15- and 20-kVA static inverters (Solid State Controls, Inc.) 30-35

Control and protective relays (General Electric) 36-46

HGA relays (General Electric) on auxiliary control and relays (Wolfe & Mann) 14-17

Valve operators (Limitorque, Crane) 47-52

Pressure switches (Barksdale) 53-61
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Test reports that verify the effect of connecting piping on operability for the
air-conditioning self-cleaning strainers are given by References 62 through 67, and for the
Foxboro Transmitters by References 68 through 72.

A tabulation of the requirements and results of seismic testing of equipment within the
Stone & Webster scope of supply is given in Table 3.10-1. Pertinent information regarding the
equipment, testing facilities, testing programs, and results is included. Equipment was
concluded to be seismically adequate under the conditions described.

A tabulation of the requirements and results of seismic testing of this equipment is given
in Table 3.10-1. The “Required Test” g levels in this table are the Zero Period Acceleration
(ZPA) values obtained from the Design Basis Earthquake response spectra of the
building/elevation where the equipment is mounted. The “g horizontal” value indicates higher
of the two horizontal acceleration values. The “Experienced Test” column indicates either the
acceleration levels that were used in single frequency tests or the ZPA levels of the Test Spectra
when random, multi-frequency tests were used. Other pertinent information regarding the
equipment, testing facilities, testing programs, and results are also included. Equipment was
concluded to be seismically adequate under the conditions described.
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January 31, 1974.

35. Solid State Controls, Inc., Statement of Compliance regarding Stone & Webster Purchase
Order No. NA1300, Stone & Webster Spec. No. J. O. 11715/12050, SCI Jobs 5141 and 5142,
January 31, 1974.

36. List of power protection and control relays that require seismic documentation.

37. Letter from C. E. Bell, General Electric Company, to Stone & Webster Engineering
Corporation, Subject: Seismic testing of power protection relays, dated November 22, 1976.

38. H. J. Owen, Seismic Application Data, September 24, 1973.

39. Letter from C. E. Bell, General Electric Company, to Stone & Webster Engineering
Corporation, dated October 15, 1976.

40. Letter from L. Scharf, General Electric Company, to Gunther A. Helm, Vepco, Subject:
Seismic Capabilities of Relays and/or Switches, dated November 21, 1975.

41. Letter from H. Sorokin, General Electric Company, to G. A. Helm, Vepco, Subject: Seismic
Capabilities of Relays and/or Switches, dated January 28, 1976.

42. Letter from L. Scharf, General Electric Company, to A. S. Papp, Stone & Webster
Engineering Corporation, Subject: Seismic Capabilities of Relays and/or Switches, issued
August 28, 1973, reissued January 30, 1975.

43. Letter from E. R. Baker, General Electric Company, to A. S. Papp, Stone & Webster
Engineering Corporation.

44. Letter from L. Scharf, General Electric Company, to E. B. Crutchfield, Vepco, Subject:
Seismic Capabilities of Relays and/or Switches, dated September 13, 1972.

45. Letter from C. E. Bell, General Electric Company, to Stone & Webster Engineering
Corporation, dated March 11, 1977.

46. Letter from L. Scharf, General Electric Company, to Stone & Webster Engineering
Corporation, Subject: Seismic Capabilities of Relays and/or Switches.

47. R. Grief, Summary of Seismic Qualification Tests Conducted for Valve Operators -
Limitorque/Crane, January 31, 1977.

48. S. N. Caruso, Effects of Connected Piping on Valve Operability, February 4, 1977.
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49. Lockheed Electronics Company, Inc., Report of Test on Philadelphia Gear Corporation
SMB-0-25 Operator, Test Report No. 2768-4768A, October 21, 1971.

50. Ogden Technology Laboratories, Inc., Report of Test on Operator Valve P/N 144068 Two (2)
25 ft-lb. Motors, Originator Report No. 7192-9, September 26, 1972.

51. Aero Nav Laboratories, Inc., Report of Seismic Test on SMBO-25 Motor Actuator, ETL
Report 5720, January 6, 1975.

52. Franklin Institute Research Laboratories, Qualification Test of Limitorque Valve Operators in
a Simulated Reactor Containment Post-Accident Steam Environment, Final Report F - C3441,
September 1972.

53. List of Barksdale Pressure Switches.

54. S. A. Lehizman, Summary of Seismic Testing of Barksdale Instrument and Control Pressure
Switches, February 9, 1977.

55. Letter from W. H. Heath, Delaval Turbine, Inc., to Stone & Webster Engineering
Corporation, Subject: Vepco North Anna 1 and 2, Stone & Webster P. O. NA 184-5, J. O.
11715, Seismic Qualifications, Barksdale Pressure Switches, dated November 18, 1975.

56. G. B. Roland, Certificate of Compliance, November 5, 1975.

57. G. B. Roland, Design, Manufacturing, Assembling and Quality Assurance Control
Information on Barksdale Valves, and Pressure and Temperature Actuated Switches.

58. Ogden Technology Laboratories, Inc., Fullerton Division Report Number F-73530, Seismic
Vibration Test Report for Barksdale Pressure Switches, October 1973.

59. Ogden Technology Laboratories, Inc., Fullerton Division Report Number F-73770, Seismic
Vibration Test Report for Barksdale Pressure Switch P/N D2T-M18SS-16, December 1973.

60. AETL Engineering Test Laboratories, Fullerton Division Report Number 593-0213-1,
Seismic Vibration Test Report for Barksdale Pressure Switch, Part No. B2T-M12SS,
May 30, 1975.

61. Letter from R. B. Harvey to Stone & Webster Engineering Corporation, forwarding Fullerton
Division Report Numbers F-69435 and F-10670, dated November 17, 1971.

62. W. S. Bielicki, Summary of Seismic Analysis of Piping System for Air Conditioning Self
Cleaning Strainers, February 7, 1977.

63. Conclusions and Summary of Seismic Adequacy of the Contromatics 1-1/4" Bronze Valve.

64. York Research Corporation, Report of Test on 1-1/4" Bronze Valve Vibration Test, Test Report
No. 8-1512, January 11, 1974.

65. Letter from G. X. Averett, Contromatics, to James M. Cox Company, dated May 2, 1974.
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66. Letter from F. J. Spitz, Elliott Company, to Stone & Webster Engineering Corporation,
forwarding a Summary of Stresses for the 4" ECA Strainers, dated January 16, 1973.

67. W. H. Hankins and J. W. Schlirf, Certificate of Compliance for Stress Calculations of the
Elliott 4" ECA Strainers.

68. J. A. Sears, Seismic Vibration Testing of EIO Series Transmitters, Test Report No. T1-1059,
October 1971.

69. Action Environmental Testing Corporation, Report of Test on Seismic Vibration of
Transmitters for Foxboro Company, Test Report No. 8951-1, October 25, 1971.

70. R. S. Gilfoy, Test Procedure No. 8951-1 for Seismic Vibration Testing of Transmitters for
Pioneer Service and Engineering Company.

71. Letter from R. M. Webber, Foxboro Company, to Stone & Webster Engineering Corporation,
forwarding Test Reports Numbers T0-6000 and Q9-6030 containing the results of vibration
testing of E10 series transmitters, dated August 22, 1972.

72. C. A. McKay, Seismic and Vibration Tests - Certificate of Compliance, for test reports
T1-1059, Q9-6030 and T0-6000, November 8, 1974.

73. Flight Dynamics, Inc., Dynamic Analysis of Two Tier “G” Size Battery Rack for Exide Power
Systems Division, Report No. A-14-85, September 18, 1985.

74. Square D Company Report No. 108-1.02-L39, Nuclear Environmental and Seismic
Qualification for a 480 VAC Model 4 Motor Control Center, dated 4/30/86.

75. Virginia Power Calculation No. CE-253, Pipe Stress Analysis Guidelines for Service Water
Reservoir Improvement Project, dated 3/27/87.

Note: References 1 through 25 and 31 through 65 were forwarded to the NRC in Vepco’s
letter of March 31, 1977 (Serial No. 007A/011277). References 26 through 30 were forwarded to
the NRC in Vepco’s letter of June 24, 1977 (Serial No. 007B/011277).
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The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

APPENDIX 1 TO TABLE 3.10-1

1.Hughes Aircraft Company

Fullerton, California 

Test Apparatus:

1. Navy lightweight high-impact shock machine, BUSHIPS drawing 10-T-2145-L

Equipment Tested: Pressure switches

2.Westinghouse Research Laboratories

Pittsburgh, Pennsylvania

Equipment:

1. Shaker - Unholtz Dickie Model 6

2. Accelerometer - Unholtz Dickie Model 75D21

3. Accelerometer amplifier - Unholtz Dickie Model CV11M-LF-1

4. Function generator - Wavetek Models 112, 136

5. Recorder - Midwestern Instr. 10 Channel Oscillograph

Capabilities:

Frequency - dc to 1000 Hz

Stroke - 6 in. peak to peak

Waveshape of generated motion - all standard, as well as sine beat

Direction of motion - one, two, or three directions simultaneously in phase

Motion sensing - three accelerometers and amplifiers

Motion recording - ten channel oscillograph

Equipment tester - control and protective relays
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The following information is HISTORICAL and is not intended or expected to be updated for the 
life of the plant.

3. Westinghouse Aerospace Test Laboratories

Item Description Mftr. Model Serial Comments

8.3.2.1 Shaker table M.B. C25 963 5000#

8.3.2.2 Driver B. & K. 1018 Ogden 2130

8.3.2.3 Accelerometer Endevco 2213 9218 Control=A1

8.3.2.4 Accelerometer Endevco 2213 9299 Response=A2

8.3.2.5 Accelerometer Endevco 2213 9266 Response=A3

8.3.2.6 Accelerometer Endevco 2242C JB92 Response=A4

8.3.2.7 Accelerometer Endevco 2226 KC53 Response=A5

8.3.2.8 Accelerometer Endevco 2226 VK43 Response=A6

8.3.2.9 Charge amp Unholtz Dickie 8PMCV Ogden 1049 A1

8.3.2.10 Charge amp Unholtz Dickie 8PMCV Ogden 570 A2

8.3.2.11 Charge amp Unholtz Dickie 8PMCV Ogden 571 A3

8.3.2.12 Charge amp Unholtz Dickie 8PMCV Ogden 573 A4

8.3.2.13 Charge amp Unholtz Dickie 8PMCVA Ogden 2464 A5

8.3.2.14 Charge amp Unholtz Dickie 8PMC Ogden 1048 A6

8.3.2.15 Adhesive Eastman 910 None

8.3.2.16 Catalyst L. D. Caulk Co. Liq. Caulk None Use with 
adhesive

8.3.2.17 Fixture Ogden None None

8.3.2.18 X-Y plotter Mosely 5 431

8.3.2.19 Pulse generator Datapulse 110A 17217 Process mod. 
signal source

8.3.2.20 Recorder Southern Inst. Ltd. 10-513/50 617

8.3.2.21 Scaler Hewlett Packard 5233 L 413-01109

Equipment Tested: Radiation Monitoring System
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The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

5. TII Laboratories

College Point, New York

Test Apparatus:

Vibration Table and Control System,
Type RVH-72-5000, Serial No. 51402,
manufactured by L.A.B. Corporation.
Calibration Due: 21 September 1972.

Accelerometers, Model 2213, Serial Nos.
M-849, M-862, and PB38,
manufactured by Endevco Corporation.
Calibration Due: 22 November 1972.

Amplifier, Model 261B, Serial No. KA07,
manufactured by Endevco Corporation.
Calibration Due: 12 December 1972.

Power Supply, Model No. 057, Serial No. 1,
manufactured by TII Testing Laboratories, Inc.
Calibration Due: 12 December 1972.

Ultra-Low Frequency Band Pass Filter,
Model No. 330M, Serial No. 2116,
manufactured by Krohn-Hite Corporation.
Calibration Due: 9 February 1973.

True R.M.S. Vacuum Tube Voltmeter, Model No. 320A,
Serial No. 8622, manufactured by Ballantine Labs.
Calibration Due: 9 December 1972.

Amplifier, Model 2614, Serial No. 4246,
manufactured by Endevco Corporation.
Calibration Due: 12 December 1972.

Type LCU-13
8 Hr. Cap. 900 A.H.
09 CON 72

Type LCU-21
8 Hr. Cap. 1500 A.H.
09 CON 72

Equipment Tested: control storage batteries
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The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

7. TII Laboratories

College Point, New York

Description of Test Apparatus:

Vibration Machine and Control System,
Type RW-72-5033, Serial No. 51402,
manufactured by L.A.B. Corporation.
Calibration Due: 30 September 1973.

Vertical Bulkhead Vibration Fixture.

Accelerometer, Model 2213E, Serial No. CP4S,
manufactured by Endevco Corporation.
Calibration Due: 23 January 1974.

Accelerometers, Model 2213E, Serial Nos.
CP36, CP37, CP43, CP47 and CP48,
manufactured by Endevco Corporation.
Calibration Due: 16 January 1974.

Amplifier, Model 2616B, Serial No. KA07,
manufactured by Endevco Corporation.
Calibration Due: 29 December 1973.

Amplifier, Model 2616, Serial No. CA13,
manufactured by Endevco Corporation.
Calibration Due: 29 December 1973.

Power Supply, Model 057, Serial No. 1,
manufactured by TII Testing Laboratories, Inc.
Calibration Due: 29 December 1973.

Power Supply, Model 2622, Serial No. CA 24,
manufactured by Endevco Corporation.
Calibration Due: 29 December 1973.

Band Pass Filter, Model No. 330M, Serial No. 2118,
manufactured by Krohn-Hite Corporation.
Calibration Due: 13 February 1974.

True R.M.S. VTVM, Model 320A, Serial No. 8400,
manufactured by Ballantine Labs.
Calibration Due: 19 November 1973.

Power Supply, Model LA-100-03BM, Serial No. 14464,
manufactured by Lambda Electronics Corporation.
Oscillograph Recorder, Model 800R25MIT, Serial No. 283,
manufactured by Midwestern Instruments, Inc.
Calibrated prior to use.

Equipment Tested: contactor for backup pressurized heaters
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The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

9. TII Laboratories, Inc.

College Point, New York

Description of Test Apparatus:

Vibration Table and Control System,
Type RVM-72-5000, Serial No. 51402,
manufactured by L.A.B. Corporation.

Accelerometers, Model No. 2213,
Serial Nos. M-818, M-849 and M-855,
manufactured by Endevco Corporation.
Calibration Due: 12 December 1971.

Amplifier, Model No. 2614,
Serial Nos. 4246, 4247 and 4248,
manufactured by Endevco Corporation.
Calibration Due: 12 December 1971.

Power Supply, Model No. 2621, Serial No. 9026,
manufactured by Endevco Corporation.
Calibration Due: 12 December 1971.

Ultra-Low Frequency Band Pass Filter,
Model No. 330M, Serial No. F-101,
manufactured by Krohn-Hite Corporation.
Calibration Due: 21 January 1972.

True RMS Vacuum Tube Voltmeter,
Model No. 320A, Serial No. 8400,
manufactured by Ballantine Labs.
Calibration Due: 23 October 1971.

Oscillograph, Model 000R25MIT, Serial No. 203,
manufactured by Midwestern Company.
Calibrated immediately prior to test.

Equipment Tested: motor control centers
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The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

13. Franklin Institute Research Laboratories

1. Honeywell-Brown Electronik 2-pen recorder, Model No. Y153X(22)-VV-X- IV-K-(G)(V), 
Ranges: 0 to 500 F with Type J thermocouples: 0 to 200 psig with Ametek Pressure 
Transducer. (Calibrated 4/13/72)

2. Honeywell-Brown Electronik Multipoint Recorder, Model No. 
15305846-24-02-2-000-030-10 097, 0 to 500 F with Type T thermocouples. (Calibrated 
4/13/72)

3. Westinghouse Industrial Analyzer, Type PG-191, 25 to 150 Hz, Style 292B948A09. 
Connected for 25 A, 600V, and 25 kW full-scale readings. (Calibrated 3/13/72)

4. Westinghouse AC Wattmeter, Type PF-44, Style PH 10632N3 2, used in conjunction with 
Weston Potential Transformers, Model 311, No. 3283 and No. 3284, and Universal Current 
Transformers, Serial Nos. 56975 and 56976, for 25 kW full scale. (Calibrated 3/13/72)

5. Sanborn 150, 4-channel recorder, with DC Coupling Pre-Amplifier, Model 150-300. 
(Calibrated 6/29/72)

6. James G. Biddle Megger, Insulation Tester, No. 325603, 500V d-c. (Calibrated 4/13/72)

7. Ametek Pressure Transducer, Model 50-200-G-B/C. (Calibrated 12/16/71)

8. 2 Giannini & Co. Pressure Transmitters, 0 to 300 psig. (Calibrated 7/30/72)

9. Lonergan Maximon Gage, Type OA, 0 to 200 psig. (Calibrated 4/14/72)

Equipment Tested: valve operator
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The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

14. Ogden Technical Laboratories

Test Equipment:

Electro-Hydraulic Vibration Machine
Ogden Technology Laboratories, Inc.
Type: 6"/25K
Calibration: None required

Data Track
Research, Inc.
Model: FGE-5110
Calibration: Before each use

Servo Amplifier
1600g
Model: 82-104
Calibration: None required

Function Generator
Hewlett-Packard Corp.
Model: 202A
Calibration Interval: 6 months
Last Calibration: 3/27/72

Recording Oscillograph
Consolidated Electrodynamics Corp.
Model: 5-124
Calibration: System calibration prior to use

Signal amplifier
Unholtz Dickie Corporation
Model: 607-HMG-3A
Calibration Interval: 6 months
Last Calibration: 4/16/72

Accelerometer (5)
Endevco Corporation
Model: 2215C
Calibration Interval: 6 months
Last Calibration: 12/6/71

Equipment Tested: valve operator
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The following information is HISTORICAL and is not intended or expected to be updated for the 
life of the plant.

15. Gaynes Engineering and Testing Laboratories, Inc.
Instrumentation
Instrument or Equipment Manufacturer Model No.

Vibration machine Gaynes Engr. 2000VH

Vibration machine L.A.B. Corp. RVH 72-2500

Accelerometers Endevco Corp. 2213

Amplifiers Endevco Corp. 2614

Power Supply Endevco Corp. 2621

Filters Spencer-Kennedy 302

Tachometer Jones-Motorola 3200

Oscilloscope Tektronix 549

Strobotac General Radio 1531A

Voltmeters, ac Ballantine Labs. 300

Amplifier Honeywell Inc. 117-06

Recorder Honeywell Inc. 1508B

Load - furnished by Solid State Controls, Inc.

Equipment Tested: 15 & 20 kVA static inverters
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The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

16. Westinghouse Labs

Test Equipment:

1. Digital Voltmeter: H.P. Model 3460B, Serial No. D813-00522

Accuracy: ±.003% of scale plus ±.007% of reading
Resolution: (10V scale) 10 microvolts
Calibrated: 12/15/72

2. Oscilloscope: Tektronix Model 545A, Serial No. 039665;

CA type plug-in, Serial No. 065604
Calibrated: 11/1/72
1A7A Differential Plug-In, Serial No. B040999
Calibrated: 11/1/72
P6023 Differential Probes, Serial No. 010-168
Model K5-0 Scope Camera, Serial No. 2298

3. Charge Amplifier: Columbia Model 4102, Serial No. 122

Range: 1 to 10,000g psi, accuracy ±2%
Calibrated: 9/11/70 (Factory)

4. Accelerometer: Columbia Model 606-2, Serial No. 4073

Range: .1 to 10 kg, Charge Sensitivity: 1.27 PK-PCMB/KP-g
Calibrated: 9/18/70 (Factory)

5. Strobotac: General Ratio Model 631-B

Accuracy: ±1%

6. Vibration Tables: All American Tool Co.

Vertical Table, Model 100V, Serial No. 8016
Max capacity 239 or 100 lb at 10G
Table movement 0 to .125" double amplitude
Table size: 15 x 18 in.
Frequency Range: 10 to 60 Hz
Horizontal table, model 100HL, Serial No. 7889

17. Delevan Electronics Corp.

East Aurora, New York

Equipment:

1. Shaker - Unholtz Dickie Vibration System No. 73

Serial No. 110

2. Tektronix 531A Oscilloscope

Equipment Tested: bimetallic thermometers
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The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

18. York Research Corp.

Random Vibration Systems

M.B. Electronics: 80-channel (mixed crystal filter array)

10,000-lb force (C-126)

Automatic equalization (1 sec)

Amplitude protector (overtest prevention)

Automatic program

Unholtz Dickie: 80-channel (mixed crystal filter array)

2750-lb force (89F)

Automatic equalization (1 sec)

Automatic program

Sinusoidal Vibration Systems

M.B. Electronics: 10,000-lb force (C-126)

5 to 5000 cps - automatic cycling

5 to 10,000 cps - external accelerometer

Amplitude protector (overtest prevention)

Automatic program

Unholtz Dickie: 2750-lb force (89F)

5 to 5000 cps - automatic cycling

5 to 10,000 cps - external accelerometer

M.B. Electronics: 1250-lb force (C-10)

5 to 5000 cps - automatic cycling

Calidyne: 1250-lb force

0 to 2000 cps - manual program

Equipment Tested: resistance temperature detectors
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3.11 ENVIRONMENTAL DESIGN OF MECHANICAL
AND ELECTRICAL EQUIPMENT

3.11.1 Nuclear Steam Supply System

3.11.1.1 Equipment Required to Operate During and Subsequent to the Design-Basis
Accident

In the event of a rupture in the reactor coolant system, or of secondary system equipment
located inside the containment, a large release of energy, in the form of steam, would occur. The
steam release and consequent heatup of the original containment atmosphere would result in an
increase in both the temperature and pressure inside the containment. In addition to the steam
release to the containment, a reactor coolant system rupture might also result in the release of
large quantities of radioactive fission products to the containment atmosphere. The activity
released into the containment would result in a large field of ionizing radiation within the
containment atmosphere.

The equipment or components required to operate in the postaccident environment have
been categorized as engineered safeguards equipment. The equipment required to operate in the
postaccident environment is presented in Appendix 3F, which also presents the environmental
temperatures associated with the limiting main steam line break (MSLB). The operating status of
the emergency core cooling system components is given in the Technical Specifications.

A tabulation of Westinghouse-furnished valves in the reactor pressure boundary whose
operation is considered necessary is presented in Table 3.11-1.

3.11.1.2 Qualification Tests and Analyses

A comprehensive testing program was conducted for all equipment systems and system
controls vital to the functioning of engineered safeguards equipment. The program consists of
performance tests of individual equipment in the manufacturer’s shop, integrated tests of the
system as a whole, and periodic inspection tests of the activation circuitry and mechanical
components to ensure reliable performance, upon demand, throughout the plant lifetime.

The initial qualification tests of individual components and the integrated tests of the
systems as a whole complement each other to ensure performance of the system as designed and
to prove proper operation of the actuation circuitry. For engineered safeguards equipment located
inside the containment, qualification testing is performed under the combined effects of the
expected temperature, pressure, humidity, and radiation—the postaccident environment.

The normal operating temperature for the protective equipment in the containment will be
maintained below 120°F (except that, for ex-core neutron detectors, the normal operating
temperature will be maintained below 135°F). The protective equipment is designed for
continuous operation within design tolerance in this environment.
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The neutron detectors will be designed for continuous operation at 135°F (the normal
operating environment is designed to be always below this value) and will be capable of operation
at 175°F for 8 hours.

Temperature control equipment is designed to maintain the temperature in the control room
and relay rooms during normal operation at 75°F. Design specifications for equipment in these
rooms require that no loss of protective function should result when operating in temperatures up
to 120°F and humidity up to 95%, which may occur upon the loss of air conditioning and/or the
ventilation system. Thus there is a wide margin between the design limit and the normal operating
environment for the control room equipment.

Routine periodic inspection testing of the engineered safety features equipment is
performed. Should one of the components require maintenance as a result of failure to perform
during the test according to prescribed limits, the necessary corrections or minor maintenance are
made and the unit retested immediately. Satisfactory performance of the remaining redundant
component(s) is proof of the availability of that safety feature, and it is not necessary to adjust
plant load during the brief period that a safety feature component may be out of service.

3.11.1.3 Qualification Test Results

Qualification testing has been performed on the various protective system equipment. This
testing included demonstrating operation of safety functions at elevated ambient temperatures up
to 120°F and a relative humidity up to 85% for control room and relay room electronic equipment.
Detailed results of these tests are retained by suppliers.

Type testing has also been performed on Westinghouse safety-related equipment required to
operate in the post-DBA environment (see Appendix 3F, Table 3F-4). This testing has
demonstrated that Westinghouse-supplied safety-related equipment has been designed to
complete its protective functions in the environment in which it must operate. The results of these
tests are outlined below.

3.11.1.3.1 Safety-Related Motor-Operated Valves

Motor operators supplied by Limitorque that are included in the Equipment Qualification
program are qualified to the environmental parameters included in Qualification Documentation
Review (QDR) package N-3.1 and N-3.3 (References 1 & 2). The vendor test reports referenced
in QDR-N-3.1 and N-3.3 envelope the environmental parameters to which the operator will be
exposed.

3.11.1.3.2 Pressurizer Pressure and Level Instrumentation

The pressurizer level instrumentation used at the North Anna site have been type tested in
the design-basis accident environment in which they must operate. The vendor testing is in
compliance with the requirements of IEEE 323 1974. A supporting Virginia Power analysis of the
vendor test reports are referenced in QDR-N-8.5. (Reference 3).
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During testing, the performance of the transmitter was monitored. The performance
requirement and demonstration that the requirements have been met is demonstrated in Technical
Report EE-0031 (Reference 4).

3.11.1.3.3 Resistance Temperature Detectors

The Weed RTD’s used for the wide and narrow range reactor coolant system channels have
been type tested to the design basis accident environment in which they must operate. The vendor
testing is in compliance with IEEE 323-1974. A supporting Virginia Power analysis of the vendor
test reports are referenced in QDR-N-8.24 (Reference 5).

3.11.2 Stone & Webster Supplied Equipment

The engineered safety features and safety-related devices not within Westinghouse scope,
required to function during and after any of the hypothesized accidents, are listed in Table 3.11-2.

Items that must perform an engineered safety feature function or a safety-related function
are designed to withstand the environmental conditions during the life of the plant and during the
accident environment. Corrosion- and radiation-resistant materials are specified. Items that have
not been previously used under the hypothesized environmental conditions have been subjected to
environmental type tests.

A tabulation of Stone & Webster-furnished valves in Seismic Class I systems whose
operation is considered necessary is presented in Table 3.11-3.

3.11.2.1 Quench Spray Subsystem

As indicated in Table 3.11-2, the only components of the quench spray subsystem that
would experience the combined high temperature, pressure, humidity, and radiation environment
are the check valves inside the containment, and the piping and spray nozzles. No environmental
testing or analysis is necessary for the piping or spray nozzles. The piping is 150-lb schedule 40
stainless steel. The nozzles are fabricated from brass.

The check valves inside the containment are weight-loaded to remain closed with a
differential pressure of -2 psig on the downstream containment side, and atmospheric pressure on
the upstream side. The body, disk, cap, and stuffing boxes for the weight arms are constructed of
stainless steel. The disk seat and shaft seal are made of either nitrile rubber or ethylene-propylene
rubber. These materials have been shown (Reference 7) to be resistant to radiation damage for
doses up to 5 × 107 R.

Equipment outside the containment is seismically analyzed. The QS pump discharge
MOVs, located in the Safeguards Area, are included in the environmental qualification program
and will function in the environmental conditions of a design basis accident.
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3.11.2.2 Recirculation Spray Subsystem

In addition to piping, spray nozzles, and positive closure check valves (discussed under the
quench spray subsystem above), the recirculation spray subsystem components located inside the
containment are the inside recirculation spray pumps and motors, and the recirculation spray
coolers.

The inside recirculation spray motors were qualified for this application by subjecting a
motor of identical design and rating to complete environmental tests using methods in IEEE
Standard 334-1971. The entire motor, complete with motor lead seals and grease, was subjected
to gamma radiation to a cumulative exposure of 2 × 108 rads. The motor was run at full load in an
accident environment simulation chamber.

The motors were also vibration-tested in accordance with IEEE-344-1971.

The design radiation dose is calculated to be 3.5 × 104 R gamma over the original 40-year
license period design life, with a maximum dose of 7.5 × 106 R gamma experienced during a
design-basis accident. The radiation doses for equipment located inside the containment have
been calculated assuming an instantaneous release of 100% of the noble gas and 50% of the
halogen inventory to the containment atmosphere. The impact of increased dose associated with
an additional 20 years of normal operation (1.8 × 104 R gamma) is accounted for in the
environmental qualification of the recirculating spray pump motor.

The results of the environment test of the recirculating spray pump motor are the subject of
a topical report submitted under Docket Nos. 50-280 and 50-281.

The power to the inside recirculation spray motors is provided by three-conductor, stranded
copper cable with heat- and flame-resistant insulation and asbestos jacket rated for a maximum
125°C ambient temperature. The cable used to terminate the inside circulation spray pump motor
was environmentally qualified to the requirements of IEEE 383-1974. The vendor testing
envelopes the environment in which the cables are expected to operate in. A supporting Virginia
Power analysis of the vendor test reports are referenced in QDR-N-6.3 (Reference 9).

The recirculation spray coolers have been designed to withstand the DBA environmental
pressures and seismic loads. They are fabricated from stainless steel and therefore are not affected
by radiation.

The containment sump level transmitters were supplied by Gems-Transamerica Delaval and
are environmentally qualified to the requirements of IEEE 323-1974. The tested parameters
envelope the required as demonstrated in QDR-N-8.3 (Reference 6).

The cable associated with the level transmitters is identified in QDR-N-8.3 and they are also
environmentally qualified.
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3.11.2.3 Containment Vacuum and Leakage Monitoring System

There are no leakage monitoring system components located within the containment, with
the exception of pressure-sensing lines. The containment vacuum system contains some check
valves that are located within containment. These check valves are not required for containment
isolation and therefore, are not required to withstand an accident environment. Consequently,
environmental testing of these components is not required.

3.11.2.4 Containment Isolation Valves

Air-operated trip valves and check valves used for containment isolation inside the
containment have been designed to withstand the containment environment. There are no
materials in these valves susceptible to failure from environmental conditions that could prevent
the valve from closing; therefore, no environmental test is required.

The electric solenoid operators that control air to the air-operated isolation valves have been
environmentally qualified to meet the requirements of IEEE 323-1974. Qualification of these
solenoid valves is demonstrated in QDR-N-35.1 (Reference 8).

3.11.2.5 Service Water System

As indicated in Table 3.11-2, the only components of the service water system that are
subjected to the combined high temperature, pressure, humidity, and radiation environment are
the check valves and piping going to the recirculation spray heat exchangers located in
containment. No environmental testing or analysis is necessary for the carbon steel piping. The
check valves meet the criteria specified in NUREG-0578, Section 2.1.6.b, for increased
cumulative radiation resistance.

3.11.2.6 Feedwater Systems

No environmental testing is required, as these are outside the containment.

3.11.2.7 Control and Electrical Equipment

Section 7.7 discusses electronic instrumentation, including environmental effects.

3.11.2.8 Diesel-Generator Control Panels and 480V Motor Control Centers

Qualification information for the diesel-generator control panels and the 480V motor
control centers is contained in References 10, 11, and 12.

Qualification test information, References 13 through 31, for balance of plant class 1E
equipment was forwarded to the NRC by Reference 32, and is outlined in Table 3.11-4.

3.11.2.9 Electrical Equipment Qualification

The Virginia Power Equipment Qualification Program encompasses the complex process of
environmental qualification which demonstrates that certain safety-related equipment which is
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subjected to a harsh environment will meet or exceed its performance requirements during and
following a Design Basis Event (DBE) throughout its installed life.

The qualification of electrical equipment is the result of the issuance of IE Bulletin 79-01B
in January 1980. Subsequently, on January 21, 1983, the NRC issued the EQ Rule
(10 CFR 50.49).

As identified in IE Bulletin 79-01B, Supplement 2, all reactors with operating licences as of
May 23, 1980, will be evaluated against the DOR Guidelines (included with IEB 79-01B). Those
plants with a construction permit granted after July 1, 1974 and operating license granted after
May 23, 1980, the equipment will be qualified to the requirements of NUREG 0588, Category II.
Therefore, the equipment qualification basis is IEB 79-01B for Unit 1 and NUREG 0588,
Category II for Unit 2. The results of Virginia Power’s review of IEB 79-01B and NUREG 0588
were reported in References 33 and 34, respectively.

Paragraph (k) of 10 CFR 50.49 grandfathered the qualification basis such that the utility did
not have to re-qualify the equipment if it was previously qualified to the DOR Guidelines or
NUREG 0588. However, paragraph (1) of 10 CFR 50.49 requires the replacement equipment of
that grandfathered be upgraded to the requirements of the EQ Rule unless there are sound reasons
to the contrary.

The electrical equipment qualified to the requirements of 10 CFR 50.49 is identified on the
Equipment Qualification Master List (EQML). There is an EQML for each unit at North Anna.

3.11.3 Corrosion Prevention for Underground Piping

The following portions of systems, and components within these systems, are located
underground and are required to attain a safe shutdown:

1. Service water system - underground piping, carbon steel.

2. Quench spray system - underground piping, stainless steel.

3. Safety injection system - underground piping, stainless steel.

4. Fuel-oil system - underground fuel tank, carbon steel; underground piping, carbon steel.

5. Fire main - underground piping, cast iron.

6. Condensate piping - underground piping, carbon steel.

The protective steps and measures taken are in accordance with National Association of
Corrosion Engineers (NACE) Recommended Practice RP-01-69. All underground steel pipelines
and tanks are coated and wrapped in accordance with Section 5, Coatings, of the above standard.
The standard does not address itself to stainless steel piping. Analysis indicates that no protective
coating is required.
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In addition, insulating flanges and/or cathodic protection systems are being used, as
required, for each particular piping system. The determination of which method of corrosion
control to use was based upon a corrosion survey in accordance with Section 3, Determination of
Need for Corrosion Control, of NACE RP-01-69.

An impressed current cathodic protection system was installed to protect the buried service
water piping headers. The cathodic protection system is divided into 4 subsystems. Each of the
four subsystems will protect a specific portion of Service Water piping. The subsystems are
divided as follows:

Subsystem A: Four 36" supply and return (abandoned) lines from the service water pump
house to the Tie-in Vault.

Subsystem B: Two 32-1/4" return lines from the Tie-in Vault to the Service Water Valve
House expansion joint pit.

Subsystem C: Four 36" supply and return lines from the Tie-in Vault to the Auxiliary and
Safeguards buildings.

Subsystem D: Two 24" auxiliary supply line from the Auxiliary Service Water Valve Pit to
the Turbine Building Valve Pit.

Buried piping adjacent to the service water headers is also bonded into the cathodic
protection system to mitigate the corrosive effects of stray currents of the service water cathodic
protection. Piping that is bonded in the subsystems includes: (1) 6" and 12" fire mains; (2) 4"
domestic water mains; (3) 2" well water mains; (4) instrument air lines; and (5) 10- 1-1/2" fuel oil
lines. Test stations are installed on unbonded sections of buried pipe to allow monitoring for stray
currents and subsequently assure adequate pipe protection.

The design, installation, and maintenance of the service water cathodic protection is in
accordance with NACE RP-01-69 (1983). Cathodic protection of the service water lines is
achieved through impressed current from a series of anodes installed parallel to each piping
subsystem. Each cathodic protection subsystem utilizes a dedicated rectifier for the anode current
power supply. All cable connections to the service water piping are made in the S.W. Tie-in Vault
or Auxiliary S.W. Valve Pit (as applicable). Test cables and reference cells are provided to permit
testing of the service water piping and the effectiveness of the Cathodic Protection Subsystems.
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Table 3.11-3
VALVES IN SEISMIC CLASS I SYSTEMS (STONE & WEBSTER SCOPE)

System
Valve
Identification a, b Valve Type

Valve
Size
(in.)

Actuation
Type

Environmental
Design c

Steam 
generator 
blowdown

TV-BD-100A
TV-BD-100B
TV-BD-100C
TV-BD-100D
TV-BD-100E
TV-BD-100F
TV-BD-100G
TV-BD-100H
TV-BD-100J

Globe
Globe
Globe
Globe
Globe
Globe
Globe
Globe
Globe

3
3
3
3
3
3
3
3
3

Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring

2
2
2
2
2
2
2
2
2

Component 
cooling

TV-CC-100A
TV-CC-100B
TV-CC-100C
TV-CC-101A
TV-CC-101B
TV-CC-102A
TV-CC-102B
TV-CC-102C
TV-CC-102D
TV-CC-102E
TV-CC-102F
TV-CC-103A
TV-CC-103B
TV-CC-104A
TV-CC-104B
TV-CC-104C
TV-CC-105A
TV-CC-105B
TV-CC-105C
TV-CC-115A
TV-CC-115B
TV-CC-115C

Butterfly
Butterfly
Butterfly
Globe
Globe
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly

6
6
6
4
4
8
8
8
8
8
8
18
18
8
8
8
6
6
6
8
8
8

Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

Containment
vacuum

TV-CV-150A
TV-CV-150B
TV-CV-150C
TV-CV-150D

Globe
Globe
Globe
Globe

2
2
2
2

Air/spring
Air/spring
Air/spring
Air/spring

2
2
2
2

Screenwash TV-CW-100 3-way 8 Air/spring 2

Vent and 
drain

TV-DA-100A
TV-DA-100B
TV-DG-100A
TV-DG-100B

Globe
Globe
Globe
Globe

2
2
2
2

Air/spring
Air/spring
Air/spring
Air/spring

2
2
2
2
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Gas waste TV-GW-102A
TV-GW-102B

Globe
Globe

2
2

Air/spring
Air/spring

2
2

Leakage 
monitoring

TV-LM-100A
TV-LM-100B
TV-LM-100C
TV-LM-100D
TV-LM-100E
TV-LM-100F
TV-LM-100G
TV-LM-100H
TV-LM-101A
TV-LM-101B

Globe
Globe
Globe
Globe
Globe
Globe
Globe
Globe
Globe
Globe

3/8
3/8
3/8
3/8
3/8
3/8
3/8
3/8
3/8
3/8

Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring

2
2
2
2
2
2
2
2
2
2

Main steam TV-MS-101A
TV-MS-101B
TV-MS-101C
TV-MS-109
TV-MS-110
TV-MS-111A
TV-MS-111B
TV-MS-113A
TV-MS-113B
TV-MS-113C

Check
Check
Check
Globe
Globe
Globe
Globe
Globe
Globe
Globe

32
32
32
3

1 1/2
3
3
3
3
3

Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring
Air/spring

3
3
3
2
2
2
2
2
2
2

Radiation 
monitoring

TV-RM-100A
TV-RM-100B
TV-RM-100C

Globe
Globe
Globe

1
1
1

Air/spring
Air/spring
Air/spring

2
2
2

Safety 
injection

TV-SI-100
TV-SI-101

Globe
Globe

1
1

Air/spring
Air/spring

2
2

Sampling TV-SS-100A
TV-SS-100B
TV-SS-101A
TV-SS-101B
TV-SS-102A
TV-SS-102B
TV-SS-103A
TV-SS-103B
TV-SS-104A
TV-SS-104B
TV-SS-106A
TV-SS-106B

Globe
Globe
Globe
Globe
Globe
Globe
Globe
Globe
Globe
Globe
Globe
Globe

3/8
3/8
3/8
3/8
3/8
3/8
3/8
3/8
3/8
3/8
3/8
3/8

Air/spring
Air/spring
Air/spring
Air/spring
Solenoid/spring
Solenoid/spring
Solenoid/spring
Solenoid/spring
Air/spring
Air/spring
Solenoid/spring
Solenoid/spring

2
2
2
2
2
2
2
2
2
2
2
2

Table 3.11-3 (continued) 
VALVES IN SEISMIC CLASS I SYSTEMS (STONE & WEBSTER SCOPE)

System
Valve
Identification a, b Valve Type

Valve
Size
(in.)

Actuation
Type

Environmental
Design c
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Sampling 
(continued)

TV-SS-112A
TV-SS-112B

Globe
Globe

3/8
3/8

Air/spring
Air/spring

2
2

Auxiliary 
steam

TV-SV-102-1 Globe 6 Air/spring 2

Service water TV-SW-101A
TV-SW-101B

Butterfly
Butterfly

8
8

Air/spring
Air/spring

2
2

Vent and 
drain

TV-VG-100A
TV-VG-100B

Globe
Globe

1 1/2
1 1/2

Air/spring
Air/spring

2
2

Component 
cooling

MOV-CC-100A
MOV-CC-100B

Butterfly
Butterfly

18
18

Motor
Motor

1
1

Feedwater MOV-FW-100A
MOV-FW-100B
MOV-FW-100C
MOV-FW-100D

Globe
Globe
Globe
Globe

3
3
3
3

Motor
Motor
Motor
Motor

1
1
1
1

Quench spray MOV-QS-100A
MOV-QS-100B
MOV-QS-101A
MOV-QS-101B

MOV-QS-102A
MOV-QS-102B

Gate
Gate
Gate
Gate

Gate
Gate

10
10
8
8

6
6

Motor
Motor
Motor
Motor

Motor
Motor

1
1
1
1

1
1

Recirculation
spray

MOV-RS-155A
MOV-RS-155B
MOV-RS-156A
MOV-RS-156B

Gate
Gate
Gate
Gate

12
12
10
10

Motor
Motor
Motor
Motor

1
1
1
1

Service water MOV-SW-101A
MOV-SW-101B
MOV-SW-101C
MOV-SW-101D
MOV-SW-102A
MOV-SW-102B
MOV-SW-103A
MOV-SW-103B
MOV-SW-103C
MOV-SW-103D

Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly

24
24
24
24
24
24
16
16
16
16

Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor

1
1
1
1
1
1
1
1
1
1

Table 3.11-3 (continued) 
VALVES IN SEISMIC CLASS I SYSTEMS (STONE & WEBSTER SCOPE)

System
Valve
Identification a, b Valve Type

Valve
Size
(in.)

Actuation
Type

Environmental
Design c
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Service water 
(continued)

MOV-SW-104A
MOV-SW-104B
MOV-SW-104C
MOV-SW-104D
MOV-SW-105A
MOV-SW-105B
MOV-SW-105C
MOV-SW-105D
MOV-SW-106A
MOV-SW-106B
MOV-SW-108A
MOV-SW-108B
MOV-SW-110A
MOV-SW-110B
MOV-SW-113A
MOV-SW-113B
MOV-SW-114A
MOV-SW-114B
MOV-SW-115A
MOV-SW-115B
MOV-SW-117
MOV-SW-119
MOV-SW-120A
MOV-SW-120B
MOV-SW-121Ad

MOV-SW-121Bd

MOV-SW-122Ad

MOV-SW-122Bd

MOV-SW-123Ad

MOV-SW-123Bd

Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly

16
16
16
16
24
24
24
24
24
24
24
24
8
8
10
10
8
8
24
24
24
8
24
24
18
18
18
18
24
24

Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor
Motor

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
4
4
4
4
4
4

Main steam NRV-MS-101A
NRV-MS-101B
NRV-MS-101C
NRV-MS-103A
NRV-MS-103B
NRV-MS-103C
PCV-MS-101A
PCV-MS-101B
PCV-MS-101C

Angle stop check
Angle stop check
Angle stop check
Angle stop check
Angle stop check
Angle stop check
Angle globe
Angle globe
Angle globe

32
32
32
3
3
3
6
6
6

Self actuated
Self actuated
Self actuated
Self actuated
Self actuated
Self actuated
Air/spring
Air/spring
Air/spring

3
3
3
3
3
3
4
4
4

Table 3.11-3 (continued) 
VALVES IN SEISMIC CLASS I SYSTEMS (STONE & WEBSTER SCOPE)

System
Valve
Identification a, b Valve Type

Valve
Size
(in.)

Actuation
Type

Environmental
Design c
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Main steam 
(continued)

SV-MS-101A
SV-MS-101B
SV-MS-101C
SV-MS-102A
SV-MS-102B
SV-MS-102C
SV-MS-103A
SV-MS-103B
SV-MS-103C
SV-MS-104A
SV-MS-104B
SV-MS-104C
SV-MS-105A
SV-MS-105B
SV-MS-105C
HCV-MS-104

Safety
Safety
Safety
Safety
Safety
Safety
Safety
Safety
Safety
Safety
Safety
Safety
Safety
Safety
Safety
Globe

6x10
6x10
6x10
6x10
6x10
6x10
6x10
6x10
6x10
6x10
6x10
6x10
6x10
6x10
6x10

4

Self actuated
Self actuated
Self actuated
Self actuated
Self actuated
Self actuated
Self actuated
Self actuated
Self actuated
Self actuated
Self actuated
Self actuated
Self actuated
Self actuated
Self actuated
Air/spring

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4

Safety 
injection

PCV-SI-100 Globe 3/4 Self actuated 3

Feedwater HCV-FW-100A
HCV-FW-100B
HCV-FW-100C
PCV-FW-159A
PCV-FW-159B

Globe
Globe
Globe
Globe
Globe

3
3
3
4
4

Air/spring
Air/spring
Air/spring
Air/spring
Air/spring

4
4
4
4
4

Ventilation MOV-HV-111A
MOV-HV-111B
MOV-HV-111C

Gate
Gate
Gate

4
4
4

Motor
Motor
Motor

3
3
3

a. Identification is for Unit 1; Unit 2 valves are identical.

b. Valve nomenclature used in the table is:
MOV - motor operated valve
TV - trip valve
HCV - hand control valve
PCV - pressure control valve
NRV - non-return valve
SV - safety valve

Table 3.11-3 (continued) 
VALVES IN SEISMIC CLASS I SYSTEMS (STONE & WEBSTER SCOPE)

System
Valve
Identification a, b Valve Type

Valve
Size
(in.)

Actuation
Type

Environmental
Design c
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c. Environmental Design:
1. Motor is built to USASI standards for intermittent duty. The motor type is TENV. The valve and its 

operator are seismically designed.
2. These valves are capable of operation under normal containment atmospheric conditions and to a total 

radiation of 3 × 105 rads. The containment isolation valves are designed to close upon receipt of an 
actuation signal or loss of power or air. These valves are seismically designed.

3. These valves are seismically designed.
4. These valves and operators are seismically designed.

d. These six valves were specified, procured and installed by Virginia Power. They replaced the original 
valves MOV-SW-100A and B. Also, see Footnote a.

Table 3.11-3 (continued) 
VALVES IN SEISMIC CLASS I SYSTEMS (STONE & WEBSTER SCOPE)

System
Valve
Identification a, b Valve Type

Valve
Size
(in.)

Actuation
Type

Environmental
Design c



Revision 43—09/27/07 NAPS UFSAR 3.11-23
 

T
he

 fo
ll

ow
in

g 
in

fo
rm

at
io

n 
is

 H
IS

TO
R

IC
A

L
 a

nd
 is

 n
ot

 in
te

nd
ed

 o
r 

ex
pe

ct
ed

 to
 b

e 
up

da
te

d 
fo

r 
th

e 
li

fe
 o

f t
he

 p
la

nt
.

Ta
bl

e 
3.

11
-4

Q
U

A
L

IF
IC

A
T

IO
N

 O
F 

E
S

F 
D

E
V

IC
E

S

C
at

eg
or

y
Q

ua
lif

ic
at

io
n

R
eq

ui
re

m
en

t
Q

ua
lif

ic
at

io
n

Te
st

s
an

d/
or

A
na

ly
si

s

E
m

er
ge

nc
y 

di
es

el
 g

en
er

at
or

 c
on

tr
ol

 
eq

ui
pm

en
t

Se
is

m
ic

 r
eq

ui
re

m
en

ts
 a

re
 o

ut
lin

ed
 o

n 
pa

ge
 

13
 (

pa
ra

gr
ap

h 
28

) 
an

d 
on

 f
or

m
 

Q
C

D
-1

01
-E

A
 1

0/
70

 o
f 

R
ef

er
en

ce
 1

3.

Se
is

m
ic

 a
na

ly
si

s:
 R

ef
er

en
ce

 1
4.

Sw
itc

hg
ea

r 
(4

16
0V

)
Se

is
m

ic
 r

eq
ui

re
m

en
ts

 a
re

 o
ut

lin
ed

 o
n 

pa
ge

 
16

 (p
ar

ag
ra

ph
 5

5)
 a

nd
 o

n 
fo

rm
 Q

C
D

-1
01

 o
f 

R
ef

er
en

ce
 1

5.

Se
is

m
ic

 te
st

: R
ef

er
en

ce
s 

16
, 1

7,
 a

nd
 1

8.

M
ot

or
 c

on
tr

ol
 c

en
te

rs
Se

is
m

ic
 r

eq
ui

re
m

en
ts

 a
re

 o
ut

lin
ed

 in
 

se
ct

io
n 

en
tit

le
d 

M
ot

or
 C

on
tr

ol
 C

en
te

r 
E

ar
th

qu
ak

e 
R

eq
ui

re
m

en
ts

 a
nd

 o
n 

fo
rm

 
Q

C
D

-1
01

-E
A

 1
0/

70
 o

f 
R

ef
er

en
ce

 1
9.

Se
is

m
ic

 te
st

: R
ef

er
en

ce
s 

20
, 2

1,
 a

nd
 2

2.

C
ab

le
Sp

ec
ia

l t
es

t r
eq

ui
re

m
en

ts
 a

re
 o

ut
lin

ed
 o

n 
pa

ge
s

1-
13

 a
nd

 o
n 

fo
rm

 Q
C

D
-1

00
 o

f 
R

ef
er

en
ce

23
.

Sp
ec

ia
l T

es
ts

: R
ef

er
en

ce
24

.

C
on

tr
ol

 v
al

ve
s

Se
is

m
ic

 r
eq

ui
re

m
en

ts
 a

re
 o

ut
lin

ed
 in

 
se

ct
io

n 
en

tit
le

d 
E

ar
th

qu
ak

e 
R

eq
ui

re
m

en
ts

 
of

 R
ef

er
en

ce
 2

5.

Se
is

m
ic

 a
na

ly
si

s:
 R

ef
er

en
ce

 2
6.

 In
 a

dd
iti

on
, 

th
e 

el
ec

tr
ic

 s
ol

en
oi

d 
op

er
at

or
s 

th
at

 c
on

tr
ol

 
ai

r 
to

 th
e 

ai
r 

op
er

at
ed

 is
ol

at
io

n 
va

lv
es

 a
re

 
en

vi
ro

nm
en

ta
lly

 q
ua

lif
ie

d.



Revision 43—09/27/07 NAPS UFSAR 3.11-24
 

M
ot

or
s

Se
is

m
ic

 r
eq

ui
re

m
en

ts
 a

re
 o

ut
lin

ed
 in

 
se

ct
io

n 
en

tit
le

d 
E

ar
th

qu
ak

e 
R

eq
ui

re
m

en
ts

 
an

d 
on

 f
or

m
 Q

C
D

-1
01

 o
f 

R
ef

er
en

ce
 2

7.
 

N
ot

e 
th

at
 th

e 
in

si
de

 r
ec

ir
cu

la
tio

n 
sp

ra
y 

pu
m

p 
m

ot
or

s 
fo

r 
N

or
th

 A
nn

a 
w

er
e 

or
de

re
d 

un
de

r 
th

e 
sa

m
e 

sp
ec

if
ic

at
io

n 
as

 th
at

 f
or

 
Su

rr
y 

1 
an

d 
2.

Se
is

m
ic

 a
na

ly
si

s:
 R

ef
er

en
ce

 2
8 

an
d 

To
pi

ca
l 

R
ep

or
t o

n 
G

.E
. V

er
tic

al
 I

nd
uc

tio
n 

M
ot

or
s 

In
si

de
 C

on
ta

in
m

en
t, 

R
ec

ir
cu

la
tio

n 
Sp

ra
y 

Pu
m

p 
M

ot
or

s,
 d

at
ed

 6
/1

2/
73

 a
nd

 b
y 

M
r. 

M
. 

W
. S

he
et

s 
of

 G
en

er
al

 E
le

ct
ri

c 
C

om
pa

ny
. 7

3 
co

pi
es

 o
f 

th
is

 T
op

ic
al

 R
ep

or
t w

er
e 

fo
rw

ar
de

d 
to

 th
e 

C
om

m
is

si
on

 in
 V

ep
co

 
le

tte
r 

of
 J

ul
y 

17
, 1

97
3 

(S
er

ia
l N

o.
 0

37
73

) 
un

de
r 

D
oc

ke
t N

os
. 5

0-
28

0 
an

d 
50

-2
81

, a
nd

 
L

ic
en

se
 N

os
. D

PR
-3

2 
an

d 
37

.

L
og

ic
 e

qu
ip

m
en

t (
W

 7
30

0 
Se

ri
es

)
Se

is
m

ic
 r

eq
ui

re
m

en
ts

 a
re

 o
ut

lin
ed

 in
 

se
ct

io
n 

en
tit

le
d 

E
ar

th
qu

ak
e 

R
eq

ui
re

m
en

ts
 

of
 R

ef
er

en
ce

 2
9.

Se
is

m
ic

 te
st

: R
ef

er
en

ce
s 

30
 a

nd
 3

1.
 I

n 
ad

di
tio

n,
 th

e 
W

 7
30

0 
Se

ri
es

 L
og

ic
 

E
qu

ip
m

en
t w

as
 s

ei
sm

ic
al

ly
 te

st
ed

 a
s 

de
sc

ri
be

d 
in

 th
e 

Ju
ly

 1
0,

 1
97

5 
(S

er
ia

l N
o.

 
N

S-
C

E
-6

92
) 

W
es

tin
gh

ou
se

 le
tte

r 
to

 th
e 

C
om

m
is

si
on

.

T
he

 fo
ll

ow
in

g 
in

fo
rm

at
io

n 
is

 H
IS

TO
R

IC
A

L
 a

nd
 is

 n
ot

 in
te

nd
ed

 o
r 

ex
pe

ct
ed

 to
 b

e 
up

da
te

d 
fo

r 
th

e 
li

fe
 o

f t
he

 p
la

nt
.

Ta
bl

e 
3.

11
-4

 (
co

nt
in

ue
d)

 
Q

U
A

L
IF

IC
A

T
IO

N
 O

F 
E

S
F 

D
E

V
IC

E
S

C
at

eg
or

y
Q

ua
lif

ic
at

io
n

R
eq

ui
re

m
en

t
Q

ua
lif

ic
at

io
n

Te
st

s
an

d/
or

A
na

ly
si

s



Revision 43—09/27/07 NAPS UFSAR 3A-i

 

Appendix 3A
Compliance with Safety Guides



Revision 43—09/27/07 NAPS UFSAR 3A-ii

 

Intentionally Blank



Revision 43—09/27/07 NAPS UFSAR 3A-iii

Appendix 3A: Compliance with Safety Guides

Table of Contents

Section Title Page
 

3A.1 NET POSITIVE SUCTION HEAD FOR EMERGENCY CORE
COOLING AND CONTAINMENT HEAT REMOVAL SYSTEM
PUMPS (SAFETY GUIDE NO. 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-1

3A.1.1 Regulatory Position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-1
3A.1.2 Discussion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-1

3A.2 THERMAL SHOCK TO REACTOR PRESSURE VESSELS
(SAFETY GUIDE NO. 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-2

3A.3 ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL
RADIOLOGICAL CONSEQUENCES OF A LOCA FOR BOILING
WATER REACTORS (SAFETY GUIDE NO. 3). . . . . . . . . . . . . . . . . . . . . . . . 3A-3

3A.4 ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL
RADIOLOGICAL CONSEQUENCES OF A LOCA FOR
PRESSURIZED WATER REACTORS (SAFETY GUIDE NO. 4) . . . . . . . . . . 3A-3

3A.5 ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL
RADIOLOGICAL CONSEQUENCES OF A STEAM-LINE BREAK
FOR BOILING WATER REACTORS (SAFETY GUIDE NO. 5)  . . . . . . . . . . 3A-4

3A.6 INDEPENDENCE BETWEEN REDUNDANT STANDBY (ONSITE)
POWER SOURCES AND BETWEEN THEIR DISTRIBUTION
SYSTEMS (SAFETY GUIDE NO. 6). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-4

3A.7 PERSONNEL SELECTION AND TRAINING (SAFETY GUIDE NO. 8). . . . 3A-4

3A.8 SELECTION OF DIESEL-GENERATOR SET CAPACITY FOR
STANDBY POWER SOURCES (SAFETY GUIDE NO. 9) . . . . . . . . . . . . . . . 3A-4

3A.9 MECHANICAL (CADWELD) SPLICES IN REINFORCING BARS
OF CONCRETE CONTAINMENTS (SAFETY GUIDE NO. 10) . . . . . . . . . . . 3A-5

3A.10 INSTRUMENT LINES PENETRATING PRIMARY REACTOR
CONTAINMENT (SAFETY GUIDE NO. 11) . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-6



Revision 43—09/27/07 NAPS UFSAR 3A-iv

Appendix 3A: Compliance with Safety Guides

Table of Contents (continued)

Section Title Page
 

3A.11 INSTRUMENTATION FOR EARTHQUAKES
(REGULATORY GUIDE 1.12)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-7

3A.12 FUEL STORAGE FACILITY DESIGN BASIS (SAFETY GUIDE NO. 13)  . . 3A-7

3A.13 REACTOR COOLANT PUMP FLYWHEEL INTEGRITY
(SAFETY GUIDE NO. 14) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-8

3A.14 TESTING OF REINFORCING BARS FOR CONCRETE STRUCTURES
(SAFETY GUIDE NO. 15) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-8

3A.15 REPORTING OF OPERATING INFORMATION  . . . . . . . . . . . . . . . . . . . . . . 3A-9

3A.16 PROTECTION AGAINST INDUSTRIAL SABOTAGE
(SAFETY GUIDE NO. 17) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-9

3A.17 STRUCTURAL ACCEPTANCE TEST FOR CONCRETE
PRIMARY REACTOR CONTAINMENT (SAFETY GUIDE NO. 18)  . . . . . . 3A-9

3A.18 NONDESTRUCTIVE EXAMINATION OF PRIMARY
CONTAINMENT LINERS (SAFETY GUIDE NO. 19)  . . . . . . . . . . . . . . . . . . 3A-10

3A.19 VIBRATION MEASUREMENTS ON REACTOR INTERNALS
(SAFETY GUIDE NO. 20) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-11

3A.20 MEASURING, EVALUATING, AND REPORTING RADIOACTIVITY
IN SOLID WASTES AND RELEASES OF RADIOACTIVE
MATERIALS IN LIQUID AND GASEOUS EFFLUENTS FROM
LIGHT-WATER-COOLED NUCLEAR POWER PLANTS
(REGULATORY GUIDE 1.21, REVISION 1). . . . . . . . . . . . . . . . . . . . . . . . . . 3A-11

3A.21 PERIODIC TESTING OF PROTECTION SYSTEM ACTUATION
FUNCTIONS (SAFETY GUIDE NO. 22)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-11

3A.22 ONSITE METEOROLOGICAL PROGRAMS (SAFETY GUIDE NO. 23) . . . 3A-12



Revision 43—09/27/07 NAPS UFSAR 3A-v

Appendix 3A: Compliance with Safety Guides

Table of Contents (continued)

Section Title Page
 

3A.23 ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL
RADIOLOGICAL CONSEQUENCES OF A PRESSURIZED WATER
REACTOR RADIOACTIVE GAS STORAGE TANK FAILURE
(SAFETY GUIDE NO. 24) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-13

3A.24 ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL
RADIOLOGICAL CONSEQUENCES OF A FUEL-HANDLING
ACCIDENT IN THE FUEL HANDLING AND STORAGE FACILITY
FOR A PRESSURIZED WATER REACTOR (SAFETY GUIDE NO. 25). . . . 3A-13

3A.25 QUALITY GROUP CLASSIFICATIONS AND STANDARDS
(SAFETY GUIDE NO. 26) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-13

3A.26 ULTIMATE HEAT SINK (REGULATORY GUIDE 1.27) . . . . . . . . . . . . . . . . 3A-14

3A.30 QUALITY ASSURANCE REQUIREMENTS FOR THE
INSTALLATION, INSPECTION, AND TESTING OF
INSTRUMENTATION AND ELECTRICAL EQUIPMENT
(REGULATORY GUIDE 1.30)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-14

3A.32 USE OF IEEE STD. 308-1971, “CRITERIA FOR CLASS 1E
ELECTRIC SYSTEMS FOR NUCLEAR POWER GENERATING
STATIONS” (REGULATORY GUIDE 1.32)  . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-14

3A.33 QUALITY ASSURANCE PROGRAM REQUIREMENTS (OPERATION)
(REGULATORY GUIDE 1.33)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-14

3A.41 PREOPERATIONAL TESTING OF REDUNDANT ON-SITE
ELECTRIC POWER SYSTEMS TO VERIFY PROPER LOAD
GROUP ASSIGNMENTS (REGULATORY GUIDE 1.41) . . . . . . . . . . . . . . . . 3A-15

3A.45 REACTOR COOLANT PRESSURE BOUNDARY LEAKAGE
DETECTION SYSTEMS (REGULATORY GUIDE 1.45, MAY 1973) . . . . . . 3A-15

3A.46 PROTECTION AGAINST PIPE WHIP INSIDE CONTAINMENT
(REGULATORY GUIDE 1.46)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-15

3A.46.1 Westinghouse Scope  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-15
3A.46.2 Stone & Webster Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-15



Revision 43—09/27/07 NAPS UFSAR 3A-vi

Appendix 3A: Compliance with Safety Guides

Table of Contents (continued)

Section Title Page
 

3A.46.2.1 Original Break Location Criteria. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-15
3A.46.2.2 Present Break Location Criteria  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-16
3A.46.2.3 Break Types and Orientation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-17
3A.46.2.4 Comparison with Regulatory Guide 1.46 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-17

3A.48 DESIGN LIMITS AND LOADING COMBINATIONS FOR SEISMIC
CLASS I FLUID SYSTEM COMPONENTS (REGULATORY GUIDE 1.48) . 3A-18

3A.52 DESIGN, MAINTENANCE, AND TESTING CRITERIA FOR
ATMOSPHERIC CLEANUP SYSTEM AIR FILTRATION AND
ADSORPTION UNITS OF LIGHT-WATER-COOLED NUCLEAR
POWER PLANTS (REGULATORY GUIDE 1.52) . . . . . . . . . . . . . . . . . . . . . . 3A-19

3A.58 QUALIFICATION OF NUCLEAR POWER PLANT INSPECTION,
EXAMINATION, AND TESTING PERSONNEL
(REGULATORY GUIDE 1.58, REVISION 1, 1980). . . . . . . . . . . . . . . . . . . . . 3A-19

3A.63 ELECTRIC PENETRATION ASSEMBLIES IN CONTAINMENT
STRUCTURES FOR LIGHT-WATER-COOLED NUCLEAR POWER
PLANTS (REGULATORY GUIDE 1.63, REVISION 2, JULY 1978)  . . . . . . . 3A-20

3A.66 NONDESTRUCTIVE EXAMINATION OF TUBULAR PRODUCTS
(REGULATORY GUIDE 1.66)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-20

3A.66.1 Thin-Wall Austenitic Heat Exchanger Tubing  . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-21
3A.66.2 Thick-Wall Austenitic Instrumentation Nozzles . . . . . . . . . . . . . . . . . . . . . . . . . 3A-21
3A.66.3 Thick-Wall Austenitic CRDM Housings and Adaptor Flanges. . . . . . . . . . . . . . 3A-21
3A.66.4 Nozzle Forgings - Ferritic and Austenitic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-21
3A.66.5 Primary Coolant, Loop Bypass, and Surge Lines Austenitic Piping . . . . . . . . . . 3A-21
3A.66.6 Austenitic Support Columns (Reactor Internals) . . . . . . . . . . . . . . . . . . . . . . . . . 3A-22

3A.68 PREOPERATIONAL AND INITIAL START-UP TEST PROGRAMS
FOR WATER-COOLED POWER REACTORS
(REGULATORY GUIDE 1.68)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-23

3A.78 ASSUMPTIONS FOR EVALUATING THE HABITABILITY OF A
NUCLEAR PLANT CONTROL ROOM DURING A POSTULATED
HAZARDOUS CHEMICAL RELEASE (REGULATORY GUIDE 1.78)  . . . . 3A-24



Revision 43—09/27/07 NAPS UFSAR 3A-vii

Appendix 3A: Compliance with Safety Guides

Table of Contents (continued)

Section Title Page
 

3A.79 PREOPERATIONAL TESTING OF EMERGENCY CORE COOLING
SYSTEMS FOR PRESSURIZED WATER REACTORS
(REGULATORY GUIDE 1.79)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-24

3A.80 PREOPERATIONAL TESTING OF INSTRUMENT AIR SYSTEMS
(REGULATORY GUIDE 1.80)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-25

3A.95 PROTECTION OF NUCLEAR POWER PLANT CONTROL ROOM
OPERATORS AGAINST AN ACCIDENTAL CHLORINE RELEASE
(REGULATORY GUIDE 1.95)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-26

3A.97 INSTRUMENTATION FOR LIGHT-WATER-COOLED NUCLEAR
POWER PLANTS TO ACCESS PLANT CONDITIONS DURING
AND FOLLOWING AN ACCIDENT (REGULATORY GUIDE 1.97)  . . . . . . 3A-26

3A.101 EMERGENCY PLANNING AND PREPAREDNESS FOR NUCLEAR
POWER REACTORS (REGULATORY GUIDE 1.101, NOVEMBER 1975)  . 3A-26

3A.108 PERIODIC TESTING OF DIESEL GENERATOR UNITS USED AS
ONSITE ELECTRIC POWER SYSTEMS AT NUCLEAR POWER
PLANTS (REGULATORY GUIDE 1.108, REVISION 1, AUGUST 1977) . . . 3A-26

3A.109 CALCULATION OF ANNUAL DOSES TO MAN FROM ROUTINE
RELEASES OF REACTOR EFFLUENTS FOR THE PURPOSE OF
EVALUATING COMPLIANCE WITH 10 CFR PART 50, APPENDIX I.
(REGULATORY GUIDE 1.109, MARCH 1976). . . . . . . . . . . . . . . . . . . . . . . . 3A-26

3A.111 METHODS FOR ESTIMATING ATMOSPHERIC TRANSPORT AND
DISPERSION OF GASEOUS EFFLUENTS IN ROUTINE RELEASES
FROM LIGHT-WATER-COOLED REACTORS
(REGULATORY GUIDE 1.111, MARCH 1976). . . . . . . . . . . . . . . . . . . . . . . . 3A-27

3A.112 CALCULATION OF RELEASES OF RADIOACTIVE MATERIALS
IN GASEOUS AND LIQUID EFFLUENTS FROM
LIGHT-WATER-COOLED POWER REACTORS
(REGULATORY GUIDE 1.112)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3A-27



Revision 43—09/27/07 NAPS UFSAR 3A-viii

Appendix 3A: Compliance with Safety Guides

Table of Contents (continued)

Section Title Page
 

3A.127 INSPECTION OF WATER-CONTROL STRUCTURES ASSOCIATED
WITH NUCLEAR POWER PLANTS (REGULATORY GUIDE 1.127)  . . . . . 3A-27

3A.146 QUALIFICATION OF QUALITY ASSURANCE PROGRAM AUDIT
PERSONNEL OF NUCLEAR POWER PLANTS
(REGULATORY GUIDE 1.146, AUGUST 1980) . . . . . . . . . . . . . . . . . . . . . . . 3A-27



Revision 43—09/27/07 NAPS UFSAR 3A-ix

Appendix 3A: Compliance with Safety Guides

List of Tables

Section Title Page
 

Table 3A-1 Prototype Reactors Internals Assurance Program Status . . . . . . . . . . . . . . . 3A-28
Table 3A-2 Comparison of Pipe Break Location Criteria . . . . . . . . . . . . . . . . . . . . . . . . 3A-29



Revision 43—09/27/07 NAPS UFSAR 3A-x
Intentionally Blank
 



Revision 43—09/27/07 NAPS UFSAR 3A-1
Appendix 3A
COMPLIANCE WITH SAFETY GUIDES

North Anna Power Station Units 1 and 2 were issued Construction Permit Nos. CPPR-77
and CPPR-78 in February 1971, based on the station design presented in the Preliminary Safety
Analysis Report. At this time only Safety Guides 1 through 4 had been issued; however, this
section was added to discuss compliance with safety guides to facilitate the Atomic Energy
Commission’s operating license stage review. This Appendix is not intended to be a
comprehensive review of regulatory guides to date.

The sections of this Appendix are numbered so as to correspond with the numbering of the
Safety Guides. Therefore, since some Safety Guides are omitted, the section numbering is not
always sequential.

3A.1 NET POSITIVE SUCTION HEAD FOR EMERGENCY CORE COOLING AND 
CONTAINMENT HEAT REMOVAL SYSTEM PUMPS (SAFETY GUIDE NO. 1)

The intent of Safety Guide No. 1 is met with the subatmospheric containment design.

3A.1.1 Regulatory Position

Emergency core cooling and containment heat removal systems should be designed so that
adequate net positive suction head (NPSH) is provided to system pumps, assuming maximum
expected temperatures of pump fluids and no increase in containment pressure from that present
prior to postulated LOCAs.

3A.1.2 Discussion

The operation of the emergency core cooling system is not dependent on containment
pressure. Water for safety injection is initially drawn from the refueling water storage tank
(RWST).

Recirculation safety injection occurs prior to the refueling water storage tank becoming
empty. The point at which the switch to the recirculation safety injection mode occurs ensures that
adequate NPSH is available for the pumps from either water source. Transferal of the contents of
the refueling water storage tank via safety injection and quench sprays into the containment
results in pump water temperatures of approximately 150°F, even without recirculation spray
cooling. This ensures sufficient net positive suction head for the recirculation safety injection
mode.

Minimum net positive suction head occurs without containment impairment when the
containment pressure returns to subatmospheric after the design-basis accident. Section 6.2.2
presents the net positive suction head available and states the pump NPSH requirements.
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The recirculation sprays are started by containment pressure and are only required if an
increase in containment pressure to the CDA setpoint occurs. Although the initial operation of the
recirculation spray pumps requires containment pressure to provide sufficient net positive suction
head, the recirculation spray system meets the requirements of Safety Guide 1; that is, to provide
containment cooling and recirculation spray flow when required.

The design of the recirculation spray subsystem for the North Anna (Units 1 and 2) Power
Station (see Section 6.2.2) is similar to that for the Surry Power Station (Units 1 and 2, Docket
Nos. 50-280 and 50-281) and the Beaver Valley Power Station (Unit 1, Docket No. 50-334).

3A.2 THERMAL SHOCK TO REACTOR PRESSURE VESSELS
(SAFETY GUIDE NO. 2)

The following section no longer represents the current licensing basis for North Anna
Power Station Units 1 and 2. As of June 17, 1991, Safety Guide 2 (and its successor Regulatory
Guide 1.2) was withdrawn, and superseded by 10 CFR 50.61, Fracture Toughness
Requirements for Protection Against Pressurized Thermal Shock Events. Pressurized Thermal
Shock is discussed in more detail in Section 5.2.2.4.

The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

Current Westinghouse research programs and pressure vessel design conform with the
intent of Safety Guide No. 2.

Westinghouse is continuing to obtain fracture toughness data through participation in the
Heavy Section Steel Technology (HSST) Program at the Oak Ridge National Laboratory. The
fracture toughness data obtained include tests on irradiated and unirradiated material using
specimens up to 12 inches thick. In addition, new testing techniques have evolved, which allow
the measurement of valid fracture toughness data with much smaller specimens than have been
used in the past. These unirradiated data correspond to start-up or beginning of life of the plant.

Postirradiation data obtained from thick specimens and the newly evolved elastic-plastic
test procedure simplify the problem of obtaining and evaluating irradiated fracture toughness
data. Westinghouse is also engaged in an extensive materials irradiation surveillance program
from which irradiated fracture toughness data are obtained for actual vessel material.
 



Revision 43—09/27/07 NAPS UFSAR 3A-3
3A.3 ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL 
RADIOLOGICAL CONSEQUENCES OF A LOCA FOR BOILING WATER REACTORS

(SAFETY GUIDE NO. 3)

This safety guide is not applicable to North Anna Power Station Units 1 and 2.

3A.4 ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL 
RADIOLOGICAL CONSEQUENCES OF A LOCA FOR PRESSURIZED WATER 

REACTORS (SAFETY GUIDE NO. 4)

The assumptions used for the LOCA analysis are consistent with Safety Guide No. 4 as
clarified below:

An analysis of the behavior of a chemical spray as a function of the pertinent parameters
that are expected in the containment atmosphere following the design-basis accident is described
in Section 6.2.3.1.

The present data were used in a rigorous linear-elastic fracture mechanics analysis of the
reactor vessel thermal shock problem. The results of this analysis have shown that under the
postulated accident conditions, the integrity of the reactor vessel would be maintained
throughout the life of a plant. Westinghouse’s continuing participation in the HSST Program
will yield confirmatory information on material properties and fracture mechanics analytical
methods.

If additional margin against brittle failure is required, or if the remaining data from the
HSST Program do not confirm the present analysis, the reactor vessel could be annealed.
Westinghouse is engaged in a research program to determine the optimum annealing time and
temperature. No hardware for vessel annealing has yet been designed, but appropriately
designed space heaters could be used as one conceivable method of annealing. The design of
Westinghouse reactor vessels does not preclude postirradiation heat treatment.

Regulatory
Position

Reference
Section

Regulatory
Position

Reference
Section

C.1.a 15.4.1.8 C.2.b 15.4.1.8

C.1.b 15.4.1.8 C.2.c 15.4.1.8

C.1.c 15.4.1.8 C.2.d 15.4.1.8

C.1.d 15.4.1.8 C.2.e 15.4.1.8

C.1.e 15.4.1.8 C.2.f 15.4.1.8

C.2.a 15.4.1.8
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3A.5 ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL 
RADIOLOGICAL CONSEQUENCES OF A STEAM-LINE BREAK FOR BOILING 

WATER REACTORS
(SAFETY GUIDE NO. 5)

This safety guide is not applicable to North Anna Power Station Units 1 and 2.

3A.6 INDEPENDENCE BETWEEN REDUNDANT STANDBY (ONSITE) POWER 
SOURCES AND BETWEEN THEIR DISTRIBUTION SYSTEMS

(SAFETY GUIDE NO. 6)

The design of the unit’s power sources complies, in all respects, to Safety Guide No. 6.

3A.7 PERSONNEL SELECTION AND TRAINING (SAFETY GUIDE NO. 8)

Personnel selection and training for North Anna Units 1 and 2 conform with the
requirements of Safety Guide No. 8 as clarified in Sections 13.1 and 13.2.

3A.8 SELECTION OF DIESEL-GENERATOR SET CAPACITY FOR STANDBY 
POWER SOURCES (SAFETY GUIDE NO. 9)

The selection of the diesel-generator sets conforms to Safety Guide No. 9 with the
following clarification:

The initial load block causes a momentary dip in generator voltage of approximately 40%.
Voltage regulator action restores motor terminal voltage to above 70% in less than 1 second. Since
all motors have a guaranteed 70% voltage acceleration capability, the motors accelerate
successfully. Generator voltage is restored to 100% through voltage regulator action and because
inrush loads have ended before the next load block.

Regulatory
Position

Reference
Section

Regulatory
Position

Reference
Section

D.1 8.3.1 D.4 8.3.1

D.2 8.3.1 D.5 8.3.1

D.3 8.3.2

Regulatory
Position

Reference
Section

Regulatory
Position

Reference
Section

C.1 8.3.1 C.4 8.3.1

C.2 8.3.1 C.5 8.3.1

C.3 8.3.1
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Subsequent load blocks never cause the generator voltage to dip below 75% with recovery
to 90% within 40% of each designed load sequence time interval. The diesel-generator set is
capable of starting and accelerating to rated speed all of the required engineered safety features
and shutdown loads.

3A.9 MECHANICAL (CADWELD) SPLICES IN REINFORCING BARS OF 
CONCRETE CONTAINMENTS (SAFETY GUIDE NO. 10)

Cadweld splices conform to the regulatory positions of Safety Guide No. 10, except for the
modifications discussed below:

In lieu of the requirements of C.1, Cadweld operators are qualified by demonstrating the
ability to make one acceptable fixed joint by using Cadweld process procedures in accordance
with the manufacturer’s instructions. Operators are requalified every 200 Cadwelds.

In lieu of the requirements of C.3, the average value of the tensile test of two or more
successive splices is required to develop not less than the minimum guaranteed ultimate strength
of the reinforcing bar, and no single splice is permitted to develop less than 90% of the minimum
guaranteed ultimate strength of the reinforcing bar.

In lieu of the requirements of C.4, test frequency for production splices, and sister splices if
used, is as follows:

One of the first 10 splices.
Three of the next 100 splices.
Two of each subsequent group of 100 splices.

In lieu of the requirements of C.5, in the event of substandard tensile test results, three
additional production splices, made by the operator of the substandard splice, were tensile tested
to the requirements above, and the operator requalified. If any of these additional three production
splices were substandard, the design of the portions of the Seismic Class I structure, in the areas
of these Cadweld splices, would be reassessed to determine its ability to accept the reduced
average ultimate strength.

For the description of Cadwelds, including operator qualification and tensile testing, used
for the Reactor Pressure Vessel Head Replacement Project, see Section 3.8.2.9.3.

Regulatory
Position

Reference
Section

Regulatory
Position

Reference
Section

C.1 3.8.1.5.3 C.4 3.8.1.5.3

C.2 3.8.1.5.3 C.5 3.8.1.5.3

C.3 3.8.1.5.3
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3A.10 INSTRUMENT LINES PENETRATING PRIMARY REACTOR 
CONTAINMENT (SAFETY GUIDE NO. 11)

Instrument lines penetrating the containment meet the intent of Safety Guide 11. The
specific sections related to the safety guide are listed below.

The only protection system instrument lines penetrating the containment are the
pressure-sensing lines for containment depressurization actuation. Redundancy is provided in this
system by providing four pressure-sensing lines to produce a matrix of which two are required for
containment depressurization actuation and containment isolation (Section 7.3).

The rapid response required of the pressure detectors to containment pressure requires that
the sensing lines be 3/8-inch tubing. Any further restrictions on these lines would be detrimental
to the system’s operation.

It should be noted that if, during normal reactor operation, a failure should occur in the lines
outside the containment, there would be no outleakage from the subatmospheric containment. The
failure would be detected by a high-pressure detector reading in comparison with the other
pressure detectors, so that the operators could take manual action. The inleakage rate is
sufficiently slow that well over a day is available to locate and stop the leak before the
containment would rise to atmospheric pressure.

These same lines are pressurized during the first period of a LOCA for approximately
50 minutes. A possible failure is assumed to be incredible during this period, but is assumed to be
possible in the long-term recovery period. To provide positive isolation and prevent the
containment from repressurizing and consequently leaking to the environment, a manual stop
valve is provided outside the containment.

The stop valve and instrument tubing up to and including the trip valves downstream of the
pressure detectors are located in the auxiliary building pipe tunnel, where missile protection is
provided by concrete walls.

There are no other sensing lines or instrument lines that do not conform to the standard
containment penetration isolation criteria.

Regulatory
Position

Reference
Section

Regulatory
Position

Reference
Section

 C.1.a 7.3  C.1.e See below

 C.1.b See below  C.2.a Not applicable

 C.1.c See below  C.2.b Not applicable

 C.1.d See below
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3A.11 INSTRUMENTATION FOR EARTHQUAKES (REGULATORY GUIDE 1.12)

Instrumentation for earthquakes meets or exceeds the requirements of Regulatory
Guide 1.12, Instrumentation for Earthquakes, of the Division of Reactor Standards, U. S. Atomic
Energy Commission, Revision 1, dated April 1974, except as indicated below.

American National Standard Earthquake Instrumentation Criteria for Nuclear Power Plants
(ANSI N18.5-1974) is accepted by the Regulatory staff for satisfying most seismic
instrumentation requirements. Section 5.7.2 of that standard requires that the frequency range of
the seismic switch be from 0.1 to 30.0 Hz. The Kinemetrics Inc. TS-3 seismic switch that will be
used has a frequency range of from 0.5 to 28 Hz.

Paragraph C.4 of Regulatory Guide 1.12 states that the response recorders should have:

1. Frequency range - minimum coverage from 1 to 30 Hz.

2. Damping - not less than nominal 2% nor more than nominal 5% of critical damping
controlled to ±0.15 of nominal.

The Engdahl Enterprises PSR-1200 peak shock recorder that will be used has the following
characteristics:

1. Frequency range - from 2 to 25.4 Hz.

2. Damping - nominal 2% with a manufacturing range of from 1.7% to 2.5% of critical.

The seismic instrument program for North Anna is discussed in Section 3.7.4.

3A.12 FUEL STORAGE FACILITY DESIGN BASIS (SAFETY GUIDE NO. 13)

The intent of Safety Guide No. 13 is met as amplified in the sections listed below.

With regard to regulatory position C.2, it is impossible for small, fast- moving missiles
traveling downward to impact on one fuel assembly upper nozzle. This is discussed in
Section 9.1.2, and the radiological consequences of this occurrence are discussed in
Section 15.4.5.

Regulatory
Position

Reference
Section

Regulatory
Position

Reference
Section

C.1 3.2.1, 3.8.1, 9.1.2 C.5b 9.1.2, 9.1.3

C.2 9.1.2, 9.1.3 C.6 9.1.3

C.3 9.1.2 C.7 9.1.3, 12.1.4

C.4 3.2.1, 15.4.3 C.8 9.1.3

C.5a 9.1.2, 9.1.3
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With regard to regulatory position C.7, the filtration system is not automatically actuated by
a high-radiation alarm; however, when irradiated fuel is being handled in the fuel building, the
fuel building ventilation exhaust may be diverted through HEPA/charcoal filters.

3A.13 REACTOR COOLANT PUMP FLYWHEEL INTEGRITY
(SAFETY GUIDE NO. 14)

The design of the North Anna reactor coolant pump flywheels conforms with the intent of
Safety Guide No. 14. The shaft and the bearings supporting the flywheel are capable of
withstanding any combination of the normal operating loads, anticipated transients, the
design-basis LOCA and the design-basis earthquake loads.

The flywheel integrity is described in Section 5.2.

3A.14 TESTING OF REINFORCING BARS FOR CONCRETE STRUCTURES
(SAFETY GUIDE NO. 15)

Testing of reinforcing bars of concrete structures conforms to the regulatory positions of
Safety Guide 15, except for the following modifications:

In lieu of the requirements of C.1.a, a tension test was performed for each heat of Grade 40,
Grade 40 modified, and Grade 60 reinforcing steel furnished. For Grade 40 modified reinforcing
steel (N14 and N18) the fabricator’s standard practice was to perform the required tension test on
a full-diameter specimen. For all other reinforcing steel, i.e., Grade 40 and Grade 60, the tension
test sample was either a full-diameter, or standard 0.505-inch-diameter specimen, as allowed by
ASTM A-615-68. The tension test was that required by ASTM A-615, and was conducted in
conformance with ASTM A-370, performed and certified by the fabricator. Additionally, one
full-diameter by 2-feet-length specimen from each heat of N14 and N18 was furnished to permit
independent verification of chemical and mechanical properties by the engineers.

In lieu of the requirements of this Safety Guide, the Reactor Pressure Vessel Head
Replacement Project used the reinforcing steel testing requirements described in
Section 3.8.2.9.3.

Regulatory
Position

Reference
Section

Regulatory
Position

Reference
Section

C.1.a 3.8.1.5.2 C.1.c 3.8.1.5.2

C.1.b 3.8.1.5.2 C.2 3.8.1.5.2
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3A.15 REPORTING OF OPERATING INFORMATION

The reporting requirements established in Administrative Procedures are consistent with the
requirements of Section 50.72 of 10 CFR Part 50 and Section 50.73 to 10 CFR Part 50.

3A.16 PROTECTION AGAINST INDUSTRIAL SABOTAGE (SAFETY GUIDE NO. 17)

The Industrial Security Program for North Anna Power Station Units 1 and 2 is consistent
with the objectives and proposed security measures outlined in Safety Guide No. 17. Particulars
of this program are discussed in Section 13.7.

3A.17 STRUCTURAL ACCEPTANCE TEST FOR CONCRETE PRIMARY REACTOR 
CONTAINMENT (SAFETY GUIDE NO. 18)

The structural acceptance test for the reactor containment structures conforms to the
regulatory positions of Safety Guide 18, for nonprototype containment, except for the
modifications discussed below:

In lieu of the requirements of C.3, radial deformations with respect to the containment
horizontal centerlines of the containment wall around the equipment hatch are measured at
12 points. These points are located along the horizontal and vertical equipment hatch centerlines
at approximate distances equal to R, 2R, and 2.5R, and were selected to account for the increased
wall thickness, which forms a concentric ring around the opening. The distance R is defined as the
inside radius of the equipment hatch opening.

In lieu of the requirements of this Safety Guide, the Reactor Pressure Vessel Head
Replacement Project used the examination requirements of ASME B&PVC Section XI described
in Section 3.8.2.9.5.

Regulatory
Position

Reference
Section

Regulatory
Position

Reference
Section

C.1 3.8.2 C.8 3.8.2

C.2 3.8.2 C.9 3.8.2

C.3 3.8.2 C.10 3.8.2

C.4 3.8.2 C.11 3.8.2

C.5 3.8.2 C.12 3.8.2

C.6 3.8.2 C.13 3.8.2

C.7 3.8.2
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3A.18 NONDESTRUCTIVE EXAMINATION OF PRIMARY CONTAINMENT 
LINERS (SAFETY GUIDE NO. 19)

The nondestructive examination of the primary containment liners is consistent with Safety
Guide 19 except as clarified below:

The nondestructive examination of liner seam welds was performed in the following steps.

Every liner seam weld was either dye-penetrant or magnetic particle tested to determine the
surface integrity of the welds. In addition, all liner seam welds were tested in accordance with a
vacuum box test procedure where joint configuration allowed use of a standard vacuum box. Test
channels were then welded over all liner seam welds, including all containment liner piping
penetration and hatch welds, and the test channel seal and liner seam welds were strength tested
with an air pressure of 50 psig. Also, all test channel seam welds were solution film tested for any
gross leakage path. After solution film testing, the test channels were evacuated to 1 psia or less
and pressurized with halogen gas to 50 psig. All the test channel seam welds were then tested with
a halogen leak detector capable of detecting leakage of 1.8 × 10-5 Std. cm3/sec.

A more severe test than recommended by Safety Guide 19, Section C.1.c, was performed by
pressurizing the test channels instead of using a vacuum box. This subjected the liner seams and
the test channel seam welds to a greater pressure differential than is possible with a vacuum box
test. By using halogen leak detection instead of pressure drop detection (C.1.d), a more sensitive
leak test was accomplished.

For the Reactor Pressure Vessel Head Replacement Project (Section 3.8.2.9), after vacuum
box testing of the liner seam weld and installation of the channel, the channel to liner weld was
tested by a static pressure test (decay test) and the weld was soap bubble tested for leakage with an
acceptance criteria of zero leakage. Leaking areas of the joint were repaired and retested. In

Regulatory
Position

Reference
Section

Regulatory
Position

Reference
Section

C.1.a 3.8.2.8 C.6 3.8.2.8

C.1.b 3.8.2.8 C.7.a 3.8.2.8

C.1.c 3.8.2.8 C.7.b 3.8.2.8

C.1.d 3.8.2.8 C.7.c 3.8.2.8

C.2.a 3.8.2.8 C.7.d 3.8.2.8

C.2.b 3.8.2.8 C.8.a 3.8.2.8

C.2.c 3.8.2.8 C.8.b 3.8.2.8

C.3 3.8.2.8 C.8.c 3.8.2.8

C.4 3.8.2.8 C.8.d 3.8.2.8

C.5 3.8.2.8 C.9 3.8.2.8
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addition, following the containment building pressure test, the channel was re-pressurized and an
LLRT, meeting ANS 56.8-1994 requirements, was performed.

3A.19 VIBRATION MEASUREMENTS ON REACTOR INTERNALS
(SAFETY GUIDE NO. 20)

Westinghouse will comply with the requirements of Safety Guide No. 20. If for some
overriding reason deviations from this guide are permitted, noncompliance will be justified to the
AEC.

For each prototype reactor internals design, a program of vibration analysis, measurement,
and inspection will be developed and reviewed by the AEC prior to the performance of the
scheduled preoperational functional test. Westinghouse has prepared the vibrational analysis and
test programs for prototype two-, three-, and four-loop plants. The status of these programs at the
time of the submittal of the FSAR for the North Anna units is given in Table 3A-1.

3A.20 MEASURING, EVALUATING, AND REPORTING RADIOACTIVITY IN 
SOLID WASTES AND RELEASES OF RADIOACTIVE MATERIALS IN LIQUID AND 

GASEOUS EFFLUENTS FROM LIGHT-WATER-COOLED NUCLEAR POWER 
PLANTS (REGULATORY GUIDE 1.21, REVISION 1)

The measuring, evaluating, and reporting requirements for radioactivity in solid wastes and
releases of radioactive materials in liquid and gaseous effluents, as outlined in the Offsite Dose
Calculation Manual, are in accordance with Revision 1 of Regulatory Guide 1.21, dated
June 1974.

3A.21 PERIODIC TESTING OF PROTECTION SYSTEM ACTUATION FUNCTIONS
(SAFETY GUIDE NO. 22)

The protection system is designed in accordance with IEEE Std. 279, 1971. All safety
actuation circuitry is provided with a capability for testing with the reactor at power. The
protection system design, including the engineered safety features test cabinet, complies with
Safety Guide No. 22. Under the present design, there are protection functions that are not tested at
power. These are as follows:

1. Generation of a reactor trip by tripping the main coolant pump breakers.

2. Generation of a reactor trip by tripping the turbine.

3. Generation of a reactor trip by use of the manual trip switch.

4. Generation of a reactor trip by manually actuating the safety injection system.
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5. Generation of a safety injection signal by use of the manual safety injection switch.

6. Generation of the containment depressurization signal by use of the manual spray actuation
switch.

Exception to on-line testing of the (6) protection functions listed above is taken, as allowed
by Safety Guide No. 22, where it has been determined that:

1. “There is no practicable system design that would permit operation of the equipment without
adversely affecting the safety or operability of the plant.”

The present position is that it is not a “practicable system design” to provide equipment to
bypass a device such as a reactor coolant pump breaker or a main steam line stop valve solely
to test the device. In the case of manual initiation switches, the design for test capability
would require that switches be provided on a train or sequential basis. This increases the
operation action required to manually actuate the function.

2. “The probability that the protection system will fail to initiate the operation of the equipment
is, and can be maintained, acceptably low without testing the equipment during reactor
operation.”

Probabilities have been established by the use of general failure data based on continuous
operation. Specific probability analyses will be provided on a plant basis at the request of the
Commission.

3. The equipment can routinely be tested when the reactor is shut down.

Based on the cases discussed above, none of the (6) protection functions require on-line
testing. A further discussion of the periodic testing appears in Sections 7.2 and 7.3.

3A.22 ONSITE METEOROLOGICAL PROGRAMS (SAFETY GUIDE NO. 23)

The North Anna onsite meteorological program, described in Section 2.3.3.2, complies with
Safety Guide No. 23.
 



Revision 43—09/27/07 NAPS UFSAR 3A-13
3A.23 ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL 
RADIOLOGICAL CONSEQUENCES OF A PRESSURIZED WATER REACTOR 

RADIOACTIVE GAS STORAGE TANK FAILURE (SAFETY GUIDE NO. 24)

The waste gas decay tank burst analysis is consistent with Safety Guide No. 24.

3A.24 ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL 
RADIOLOGICAL CONSEQUENCES OF A FUEL-HANDLING ACCIDENT IN THE 

FUEL HANDLING AND STORAGE FACILITY FOR A PRESSURIZED WATER 
REACTOR (SAFETY GUIDE NO. 25)

The fuel-handling accident analysis is consistent with Safety Guide No. 25, as clarified in
the sections listed below:

3A.25 QUALITY GROUP CLASSIFICATIONS AND STANDARDS
(SAFETY GUIDE NO. 26)

The design of the North Anna Power Station, Units 1 and 2, meets the intent of Safety
Guide No. 26, in that pressure-containing components of safety-related systems are designed,
fabricated, erected, and tested to codes and standards commensurate with the importance of the
safety functions to be performed.

The impracticality of classifying these components for North Anna Units 1 and 2 into the
groups listed in this safety guide is discussed in Section 3.2.2, as is a listing of the safety-related
systems and the section of this report in which the codes and standards applied to the components
may be found.

Regulatory
Position

Reference
Section

Regulatory
Position

Reference
Section

C.1.a 15.3.5 C.2.b 15.3.5

C.1.b 15.3.5 C.2.c 15.3.5

C.1.c 15.3.5 C.2.d 15.3.5

C.1.d 15.3.5 C.3.a 15.3.5

C.2.a 15.3.5 C.3.b 15.3.5

Regulatory
Position

Reference
Section

Regulatory
Position

Reference
Section

C.1 (Assumption a) 11.1 C.1.b 11.1

C.1 (Assumption b) 11.1 C.1.c 12.1.2.5

C.1 (Assumption c) 11.1
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3A.26 ULTIMATE HEAT SINK (REGULATORY GUIDE 1.27)

The cooling water systems comply in all respects to Regulatory Guide 1.27, March 1974, as
discussed in Section 9.2.5.

3A.30 QUALITY ASSURANCE REQUIREMENTS FOR THE INSTALLATION, 
INSPECTION, AND TESTING OF INSTRUMENTATION AND ELECTRICAL 

EQUIPMENT (REGULATORY GUIDE 1.30)

The regulatory positions are met as described in the sections listed below:

3A.32 USE OF IEEE STD. 308-1971, “CRITERIA FOR CLASS 1E ELECTRIC 
SYSTEMS FOR NUCLEAR POWER GENERATING STATIONS”

(REGULATORY GUIDE 1.32)

The regulatory positions are met as described in the sections listed below:

3A.33 QUALITY ASSURANCE PROGRAM REQUIREMENTS (OPERATION) 
(REGULATORY GUIDE 1.33)

The recommendations of Regulatory Guide 1.33, Appendix A, as applicable to pressurized
water reactors (PWR) have been considered in the development of the station safety-related
procedures. Plant procedures are discussed in Section 13.5.

Regulatory
Position

Reference
Section

Regulatory
Position

Reference
Section

C.1 8.3.1 C.2 (6) Chapters 3, 5, 9, 10 & 11

C.2(1) 7.1 C.2 (7) 7.1

C.2 (2) 8.3.1, 7.1 C.2 (8) 7.1, 8.3.1

C.2 (3) 3.8, 7.1 C.2 (9) 7.1, 8.3.1

C.2 (4) 7.1, 8.3.1 C.2 (10) 3.10.1, 7.1

C.2 (5) 3.1

Regulatory
Position

Reference
Section

C.a 8.3.1

C.b 8.3.2
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3A.41 PREOPERATIONAL TESTING OF REDUNDANT ON-SITE ELECTRIC 
POWER SYSTEMS TO VERIFY PROPER LOAD GROUP ASSIGNMENTS 

(REGULATORY GUIDE 1.41)

North Anna’s Units 1 and 2 preoperational testing program relative to the emergency power
system complies with Regulatory Guide 1.41 (refer to Table 14.1-1).

3A.45 REACTOR COOLANT PRESSURE BOUNDARY LEAKAGE DETECTION 
SYSTEMS (REGULATORY GUIDE 1.45, MAY 1973)

Compliance with Regulatory Guide 1.45, dated May 1973, is discussed in Section 5.2.4.1.

3A.46 PROTECTION AGAINST PIPE WHIP INSIDE CONTAINMENT 
(REGULATORY GUIDE 1.46)

3A.46.1 Westinghouse Scope

The probability of rupturing a primary coolant loop pipe is extremely small as demonstrated
by the study based upon leak-before-break (LBB) technology reported in Westinghouse
WCAP 11163/11164, Technical Bases for Eliminating Large Primary Loop Pipe Rupture as a
Structural Design Basis for North Anna Units 1 & 2, August 1986 and supplement 1 to the same
WCAP in January 1988. The NRC has approved the use of LBB, as allowed by an amendment to
General Design Criteria 4, in License Amendment Nos. 107 and 93 for North Anna Units 1 and 2,
respectively. The amendment to General Design Criteria 4 of Appendix A to 10 CFR 50 dated
October 27, 1987, permits the use of LBB on the primary coolant pipe and allows the removal of
the pipe rupture restraints and shields designed to mitigate the effects of primary coolant loop
breaks. Thus, the dynamic effects associated with postulated ruptures of the reactor coolant loop
piping are excluded from the design basis.

3A.46.2 Stone & Webster Scope

3A.46.2.1 Original Break Location Criteria

The criteria listed below were formulated for Class 2 and 3 piping, and were utilized in the
pipe break analysis on the main steam and feedwater lines inside the containment prior to the
issuance of Regulatory Guide 1.46. The break locations for Class 2 and 3 piping were postulated
based on the following criteria:

1. The terminal points.

2. The points where a) the primary-plus-secondary stress exceeds 80% of its allowable
(0.8 (SA + Sh)); b) the secondary stress exceeds 80% of its allowable (0.8 SA); and c) the
primary stress exceeds 80% of its allowable (0.8 × 1.2 Sh).
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3. If the number of break points selected by the above criteria is less than four, additional points
were chosen at points of:

a. Maximum primary-plus-secondary stress.

b. Maximum primary stress.

c. Maximum secondary stress.

4. If more than two intermediate breaks could not be chosen by the above criteria, locations
were chosen that were potentially most damaging to nearby Class I structures, systems, or
components.

Both circumferential and longitudinal breaks were considered at all postulated break
locations. The break area for both break types was the cross-sectional area of the pipe. The break
length for the postulated longitudinal breaks was assumed to equal twice the pipe diameter.

3A.46.2.2 Present Break Location Criteria

The pipe break location criteria for all high-energy systems within the containment, except
the main steam and feedwater systems, are consistent with the provisions of Regulatory
Guide 1.46. Specifically, break location criteria are as follows.

For Code Class 1 piping, break locations are chosen at:

1. The terminal ends.

2. Any intermediate locations between terminal ends where the primary-plus-secondary stress
intensities (circumferential or longitudinal) derived on an elastically calculated basis under
the loadings associated with specified seismic events and operational plant conditions exceed
2 Sm for ferritic steel and 2.4 Sm for austenitic steel, where stress intensities are calculated by
either Equation (12) or (13) in Paragraph NB-3653 of the ASME Code, Section III.

3. Any intermediate locations between terminal ends where the cumulative usage factor, U,
derived from the piping fatigue analysis under the loadings associated with specified seismic
events and operational plant conditions exceeds 0.1.

4. At intermediate locations in addition to those determined by positions 2 and 3 above,
selected on a reasonable basis as necessary to provide protection. As a minimum, there are
two intermediate locations for each piping run or branch run.

For Code Class 2 and 3 piping, break locations are chosen at:

1. The terminal ends.

2. Any intermediate locations between terminal ends where either the circumferential or
longitudinal stresses derived on an elastically calculated basis under the loadings associated
with specified seismic events and operational plant conditions exceed 0.8 (Sh + SA).
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3. Intermediate locations in addition to those determined by regulatory position 2 above,
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.

3A.46.2.3 Break Types and Orientation

The following types of breaks are postulated to occur at the break locations selected:

1. Circumferential breaks - Circumferential breaks in piping runs and branch runs exceeding
1-inch nominal pipe size, except where the maximum stress range exceeds the limits of 2
above for Code Class 1, 2, and 3, but where the circumferential stress range is at least 1.5
times the axial stress range.

2. Longitudinal breaks - Longitudinal breaks in piping runs and branch runs 4-inch nominal
pipe size and larger, except where the maximum stress range exceeds the limits of 2 above
for Code Class 1, 2, and 3, but where the axial stress range is at least 1.5 times the
circumferential stress range, subject to the following provisions of Branch Technical Position
MEB 3-1:

a. Longitudinal breaks are not postulated at terminal ends, provided the piping at the
terminal ends contains no longitudinal pipe welds.

b. Longitudinal breaks are not postulated at intermediate locations where the criterion for a
minimum number of break locations must be satisfied.

c. Longitudinal breaks are oriented (but not concurrently) at two diametrically opposed
points on the piping circumference so that the jet reaction causes out-of-plane bending of
the piping configuration. Alternatively, a single split will be assumed at the section of
highest stress, as determined by detailed stress analysis (e.g., finite element analysis).

The break area for postulated breaks is assumed to be equal to one pipe cross-sectional area.
The flow area feeding the break is equal to the effective cross-sectional flow area upstream of the
break for a circumferential break, and the sum of the effective cross-sectional flow area upstream
and downstream of the break for a longitudinal break. The break length for the longitudinal break
is assumed to be equal to twice the pipe diameter.

3A.46.2.4 Comparison with Regulatory Guide 1.46

The above original break location criteria are in full compliance with Regulatory
Guide 1.46. In addition to postulating break points at locations where the primary-plus-secondary
stress exceeds 80% of its allowable, as required by Regulatory Guide 1.46, break locations were
also postulated at points where the primary stress exceeds 80% of its allowable, or the secondary
stress exceeds 80% of its allowable. A point-by-point comparison is presented in Table 3A-2.

Present break location criteria are consistent with the provisions of Regulatory Guide 1.46.
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The only exceptions to Regulatory Guide 1.46 are in Guide Footnotes 10 and 11.

Footnote 10 states that the break area is “equal to the sum of the effective cross-sectional
flow area upstream of the break location and downstream of the break location, or is equal to a
break area determined by test data which define the break geometry.” The original criteria
assumed that the break area is equal to the pipe cross-sectional area. This method is consistent
with the previously issued drafts of Regulatory Guide 1.46, which had been in force as late as
March 1973.

Footnote 10 states that “longitudinal breaks are parallel to the pipe axis and oriented at any
point around the pipe circumference.” The present break location criterion is more specific in
defining longitudinal break orientation. Furthermore, in the present criterion longitudinal breaks
are excluded from seamless piping at terminal ends and from the intermediate points that have low
stresses, but are selected to satisfy the requirement for a minimum number of break locations.

Footnote 11 requires the presumption of pipe whipping normal to the pipe axis for a
circumferential break. This presumption is inconsistent with the basic principles of mechanics.
The pipe will move in the direction consistent with the geometry and flexibility of the severed
runs, and the restraints were designed to contain the pipe whipping in these directions.

In conclusion, the Stone & Webster criteria are concluded to satisfy the intent and the
requirements of Regulatory Guide 1.46.

3A.48 DESIGN LIMITS AND LOADING COMBINATIONS FOR SEISMIC CLASS I 
FLUID SYSTEM COMPONENTS (REGULATORY GUIDE 1.48)

Westinghouse equipment was designed to comply with the intent of Regulatory Guide 1.48,
i.e., it was designed and analyzed to ensure structural integrity and operability. However, the load
combinations and stress limits that were used reflect AEC requirements that were in effect when
the construction permit for this plant was issued and when the components were purchased and
subsequently designed. Furthermore, the codes and procedures that were available when the
components were purchased are based on conservative design requirements rather than detailed
stress analyses. These codes and procedures have been widely used by the nuclear industry for the
design of components that are installed in plants that are presently operating.

The valves were designed to function at normal operation conditions, maximum design
conditions, and DBE conditions. The requirements of ANSI B31.1, ANSI B16.5, and MSS-SP-66
were adhered to in the design. The allowable stresses in the above codes are considerably less than
the limits presently proposed by the ASME Task Group on Design Criteria for Class 2 and 3
components, e.g., the allowable stress in ANSI B16.5 is 7000 psi, as opposed to the maximum
limit accepted by the ASME task group of 2.4 times the ASME Section VIII allowable stress.
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Prior to shipment, the valves were subjected to hydrostatic leak tests in accordance with
MSS-SP-61, and functional tests to show that the valves will open and close within the specified
time limits when subjected to the design differential pressure. In addition, representative valves
were checked for wall thickness to ANSI B16.5 and MSS-SP-66 requirements, and subjected to
nondestructive tests in accordance with ASME and ASTM codes. After installation of the valves,
they underwent cold hydrostatic tests, hot-functional tests to verify operation, and periodic
inservice testing and operation as required.

Active pumps were designed in accordance with the ASME Code for Pumps and Valves for
Nuclear Power Plants. The stress levels in the pumps did not exceed those allowed by the code.
Forces resulting from seismic accelerations in the horizontal and vertical directions were included
in the analyses of the pumps and their supports.

The pumps were subjected to a series of tests before installation and after installation in the
plant. In-shop tests included hydrostatic tests to 150% of the design pressure, seal leakage tests,
and net positive suction head tests to qualify the pumps for the minimum available net positive
suction head. For the net positive suction head and functional performance tests, the pumps were
placed in a test loop and subjected to operating conditions. After installation of the pumps in the
plant, they underwent cold hydrostatic tests, hot-functional tests to verify operation, and periodic
inservice testing and operation as required.

The above design procedures and qualification tests are, therefore, adequate to ensure the
structural integrity and operability of the pumps and valves for this plant.

3A.52 DESIGN, MAINTENANCE, AND TESTING CRITERIA FOR ATMOSPHERIC 
CLEANUP SYSTEM AIR FILTRATION AND ADSORPTION UNITS OF 

LIGHT-WATER-COOLED NUCLEAR POWER PLANTS (REGULATORY GUIDE 1.52)

Compliance with Revisions 1 and 2 of Regulatory Guide 1.52, dated July 1976 and
March 1978, respectively, is discussed in Section 6.2.3 and detailed in Table 6.2-53.

3A.58 QUALIFICATION OF NUCLEAR POWER PLANT INSPECTION, 
EXAMINATION, AND TESTING PERSONNEL (REGULATORY GUIDE 1.58, 

REVISION 1, 1980)

Compliance with Regulatory Guide 1.58 is applicable to non-destructive test personnel as
of January 1982 as clarified in Dominion’s Operational Quality Assurance Program Topical
Report.
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3A.63 ELECTRIC PENETRATION ASSEMBLIES IN CONTAINMENT 
STRUCTURES FOR LIGHT-WATER-COOLED NUCLEAR POWER PLANTS 

(REGULATORY GUIDE 1.63, REVISION 2, JULY 1978)

The regulatory positions regarding Secondary Protection of Electrical Penetrations for
Unit 2 are met as described in the section referenced below:

3A.66 NONDESTRUCTIVE EXAMINATION OF TUBULAR PRODUCTS 
(REGULATORY GUIDE 1.66)

For the reasons stated below, the reactor coolant pressure boundary will not comply fully
with the Guide. The procedures below, however, ensure quality at least as well as would the Guide
requirements.

Westinghouse regards the Guide position concerning defect shape, orientation, and location
detection capability as impractical, and the axial testing requirements as technically unnecessary.
Since the Guide refers primarily to ultrasonic testing and flow orientation, it must be assumed that
the Guide is concerned with the detection of metallurgical defects and that the mechanically
produced surface defects will be detected by surface methods of nondestructive testing. This
discussion, therefore, is confined to the volumetric nondestructive testing methods for detecting
metallurgical flaws.

The Guide states that “nondestructive examination applied to tubular products used for
components of the reactor coolant pressure boundary and other safety-related systems… should
be capable of detecting unacceptable defects regardless of defect shape, orientation or location in
the product.” Conformance to this Guide position is impractical, as it would require 1) ultrasonic
testing at 10-degree increments from the circumferential to the axial direction, 2) equivalent size
standard defects or notches at comparable angles, and 3) a complicated correction system to
compensate for the varying responses expected due to angular misalignments produced by the
changing curvature. Because equivalent size standard defects or notches are not mechanically
feasible, test reproducibility, and therefore reliability, cannot be certified.

In addition, the Guide position regarding angle beam scanning in the axial direction is
technically unnecessary, since any flaws that might be developed by the processes employed in
tubular product manufacture are invariably oriented in the axial direction, and the probability of
developing metallurgical flaws of other than axial orientation is virtually nil. Flaws of transverse
or circumferential orientation that might be developed would normally be mechanically induced
surface defects, which should be detected by surface nondestructive testing procedures.

Regulatory
Position

Reference
Section

 C-1 3.8.2.1.4
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Westinghouse believes that the nondestructive examinations performed in the normal
procurement of the tubular products covered by the Guide achieve the same purpose as the Guide
requirements. The primary pressure boundary and safety-related tubular products within the
Westinghouse scope of supply and the nondestructive testing applied are described below. In all
cases, the volumetric nondestructive testing is maximized to detect the flaws inherent to the
manufacturing process or processes employed.

3A.66.1 Thin-Wall Austenitic Heat Exchanger Tubing

Angle beam ultrasonic testing is performed in two directions circumferentially, referenced
to a 0.004-inch-deep notch. The ultrasonic testing is supplemented by an omnidirectional eddy
current test that is referenced to a circumferential notch and drilled hole. The o.d. surfaces are also
examined by penetrant testing.

3A.66.2 Thick-Wall Austenitic Instrumentation Nozzles

Angle beam ultrasonic testing is performed in two directions circumferentially, referenced
to a 5% T (T = wall thickness) axial notch. These 0.3-inch-minimum wall tubes are manufactured
by extrusion or machined from rolled bar stocks. When made from rolled bar, the individual bars
are also examined axially from the end faces.

Penetrant tests are performed on the o.d. surfaces of the finished items.

3A.66.3 Thick-Wall Austenitic CRDM Housings and Adaptor Flanges

Angle beam ultrasonic testing is performed in two directions circumferentially, referenced
to a 3% T, axial vee-notch. Axial testing is performed on the forged and/or rolled bar stock from
which these CRDM components are made. Penetrant tests are performed on both the i.d. and o.d.
surfaces of the finished item.

3A.66.4 Nozzle Forgings - Ferritic and Austenitic

All nozzle forgings within the Westinghouse scope of supply are ultrasonically examined
axially from the end faces and in two directions circumferentially, using angle beam techniques
references to 3% T, axial vee-notch. Magnetic particle and/or penetrant tests are performed on all
surfaces of the finished item.

3A.66.5 Primary Coolant, Loop Bypass, and Surge Lines Austenitic Piping

All forged and/or extruded piping within the Westinghouse scope of supply is ultrasonically
examined in two directions circumferentially, using angle beam (45-degree) techniques
referenced to a 3% T vee-notch, and, in the radial, through-thickness direction, using straight
beam (0-degree) techniques.

Cast piping components are 100% radiographically examined for the shrinkage conditions
inherent to the casting processes.
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Penetrant tests are performed over 100% of both the i.d. and o.d. surfaces of both product
forms (wrought or cast).

3A.66.6 Austenitic Support Columns (Reactor Internals)

Tubular supports and columns are ultrasonically examined in the circumferential and axial
directions using angle beam (45-degree) techniques referenced to 3% T notches. When these
tubular components are made from rolled or forged bar stock, the angle beam test is augmented by
axial tests from the end faces of the bar.

Penetrant tests are performed over 100% of the i.d. and o.d. surfaces of the finished item.
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3A.68 PREOPERATIONAL AND INITIAL START-UP TEST PROGRAMS FOR 
WATER-COOLED POWER REACTORS (REGULATORY GUIDE 1.68)

The preoperational and initial start-up test programs, as outlined in Tables 14.1-1
and 14.1-2, respectively, comply with Regulatory Guide 1.68 as clarified below:

Regulatory
Position

Table 14.1-1,
Section

Regulatory
Position

Table 14.1-1,
Section

Regulatory
Position

Table 14.1-1,
Section

A.1.a II.2, II.3 A.4.e V.2.d A.6.d VII.4

A.1.b(1) II.4.a A.4.f V.2.e A.6.e VII.5

A.1.b(2) II.4.b A.4.g II.4.e A.7.a VIII.1

A.1.b(3) II.4.c A.4.h V.2.f A.7.b a

A.1.b(4) II.4.d A.5.a VI.1 A.7.c VIII.2

A.1.b(5) II.4.d A.5.b a A.7.d VIII.3

A.1.b(6) II.4.e A.5.c VI.2 A.7.e VIII.4

A.1.b(7) II.4.f A.5.e VI.4 A.7.f VIII.5

A.1.c II.1, II.4.b.b, 
II.4.g, II.4.h, 
V.1.a, V.2.b, 
VI.5, X.1

A.5.f VI.5 A.8 IX

A.5.g VI.6 A.9.a X.1

A.5.h VI.7 A.9.b X.2

A.1.d II.5  A.5.i VI.8 A.9.c X.3

A.2.a III.1 A.5.j VI.9 A.9.d VIII.3

A.2.b III.2 A.5.k VI.10 A.9.e X.4

A.2.c III.3 A.5.l a A.10.a XI.1

A.2.d III.4 A.5.m a A.10.b XI.2

A.2.e III.5 A.5.n VI.11 A.10.c XI.3

A.2.f III.6 A.5.o VI.12 A.10.d XI.4

A.3 IV A.5.p VI.13 A.10.e XI.5

A.4 V.1.b A.5.q VI.15  A.11 XII

A.4.a V.1.b A.5.r I.3  A.12.a XIII.1

A.4.b V.2.a A.6.a VII.1  A.12.b XIII.2

A.4.c V.2.b A.6.b VII.2  A.12.c XIII.3

A.4.d V.2.c A.6.c VII.3  A.13 XIV

a. This is not applicable to North Anna Power Station Units 1 and 2.
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3A.78 ASSUMPTIONS FOR EVALUATING THE HABITABILITY OF A NUCLEAR 
PLANT CONTROL ROOM DURING A POSTULATED HAZARDOUS CHEMICAL 

RELEASE (REGULATORY GUIDE 1.78)

Compliance with Regulatory Guide 1.78 is discussed in Section 6.4.1.3.3.

3A.79 PREOPERATIONAL TESTING OF EMERGENCY CORE COOLING SYSTEMS 
FOR PRESSURIZED WATER REACTORS (REGULATORY GUIDE 1.79)

The preoperational testing of the emergency core cooling systems conforms to Regulatory
Guide 1.79, dated June 1974, with the following clarifications.

1. Regulatory Position C.3.a(2) - The capability of the high-head safety injection pumps
(charging pumps) to deliver flow to the primary system at operating pressure and temperature
conditions is demonstrated constantly during normal unit operation. Therefore, a specific test
is not necessary for this purpose.

Regulatory
Position

Table 14.1-2,
Section

Regulatory
Position

Table 14.1-2,
Section

B.1.a I.1 C.1.j II.12

B.1.b I.2 D.1.a III.1

B.1.c I.3 D.1.b III.2

B.1.d I.4 D.1.c III.3

B.1.e I.5 D.1.d III.3

B.1.f I.6 D.1.e III.4

B.1.g I.7 D.1.f III.5

B.1.h I.8 D.1.g III.6

B.1.i I.9 D.1.h III.8

B.1.j I.10 D.1.i III.9

C.1.a II.2 D.1.j III.10

C.1.b II.3 D.1.k III.11

C.1.c II.4 D.1.l III.12

C.1.d II.5 D.1.m III.13

C.1.e II.7 D.1.n III.14

C.1.f II.8 D.1.o III.17

C.1.g II.9 D.1.p III.15

C.1.h II.10 D.1.q III.16

C.1.i II.11 D.1.r III.18
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2. Regulatory Position C3.b(2) - Preoperational testing of the low-head safety injection pumps
was done in two phases. The first phase was a system test, pumping water from the refueling
water storage tank through the normal flow path into the reactor coolant loops. This phase
verified the performance of the entire system when using the refueling water storage tank as
a suction source, and verified the performance of the portion of the system from the pump
discharge, which is the same for all suction conditions.

The second phase was a test of the suction conditions only, when taking a suction from the
containment sump. A portable dike was erected around the sump and filled with water. The
test was conducted with the cylindrical mesh screens in place. During the test, the inlet was
checked to prove the absence of vortexing. The pump discharge was piped back into the
portable dike through temporary connections attached to the bonnets of the check valves.
Pump suction pressure and casing pressure were measured to verify hydraulic head inside the
pump casing. Sump level and temperature were measured, and suction losses compared to
the calculated values. Pump discharge pressure and flow were measured. The test was
conducted at approximately 3000 gpm flow rate.

The Phase 1 test (from the refueling water storage tank) was done on both units. The Phase 2
test was done on only one pump on Unit 1, and was used as the basis for proving flow,
pressure drop, and NPSH calculations for all pumps, as the arrangement is identical in both
units.

In addition, scale model tests of the containment sump were performed by Alden Research
Laboratories in Holden, Massachusetts. The final report was submitted with Vepco letter,
Serial No. 400, dated September 13, 1977, and indicated that with only minor modifications
the sump will be free of any harmful vortices for any postulated operating conditions. The
modifications made to the sump involve the installation of two layers of floor grating in the
sump and the installation of perforated vortex breakers inside the cylindrical screens.

3. Regulatory Position C.3.c(1) - Each safety injection accumulator was discharged individually
into the reactor vessel, with the head removed, by pressurizing the accumulator to 100 psig
and rapidly opening the isolation motor-operated valve.

3A.80 PREOPERATIONAL TESTING OF INSTRUMENT AIR SYSTEMS 
(REGULATORY GUIDE 1.80)

The intent of Regulatory Guide 1.80 is met as described below.

A loss-of-instrument-air test was conducted by securing the makeup air to each dedicated
air accumulator supplying each safety-related component that is required to operate following a
loss of instrument air. The capacity of each dedicated air accumulator was verified by operating
the safety-related component a specified number of times over a specified time interval.
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Air-operated components used for safety-related functions are tested to ensure that they fail
in the safe mode upon loss of operating pressure (refer to Table 14.1-1, VI.10).

3A.95 PROTECTION OF NUCLEAR POWER PLANT CONTROL ROOM 
OPERATORS AGAINST AN ACCIDENTAL CHLORINE RELEASE

(REGULATORY GUIDE 1.95)

Compliance with Regulatory Guide 1.95 is discussed in Section 6.4.1.3.3.

3A.97 INSTRUMENTATION FOR LIGHT-WATER-COOLED NUCLEAR POWER 
PLANTS TO ACCESS PLANT CONDITIONS DURING AND FOLLOWING AN 

ACCIDENT (REGULATORY GUIDE 1.97)

Compliance with Regulatory Guide 1.97 is discussed in Section 7.1.4.

3A.101 EMERGENCY PLANNING AND PREPAREDNESS FOR NUCLEAR POWER 
REACTORS (REGULATORY GUIDE 1.101, NOVEMBER 1975)

Vepco has formulated a comprehensive emergency plan, contained in a separately bound
document. The plan is consistent with Regulatory Guide 1.101, dated November 1975.

3A.108 PERIODIC TESTING OF DIESEL GENERATOR UNITS USED AS ONSITE 
ELECTRIC POWER SYSTEMS AT NUCLEAR POWER PLANTS

(REGULATORY GUIDE 1.108, REVISION 1, AUGUST 1977)

The criteria for determining valid tests and failures of the emergency diesel generators are
based on those found in Regulatory Position C.2.e of Regulatory Guide 1.108 and incorporated
into the Technical Specifications.

3A.109 CALCULATION OF ANNUAL DOSES TO MAN FROM ROUTINE RELEASES 
OF REACTOR EFFLUENTS FOR THE PURPOSE OF EVALUATING COMPLIANCE 
WITH 10 CFR PART 50, APPENDIX I. (REGULATORY GUIDE 1.109, MARCH 1976)

The evaluation of compliance with 10 CFR Part 50, Appendix I, appears in Appendix 11C.
All dose calculations were performed using models and assumptions consistent with Regulatory
Guide 1.109 (March 1976).
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3A.111 METHODS FOR ESTIMATING ATMOSPHERIC TRANSPORT AND 
DISPERSION OF GASEOUS EFFLUENTS IN ROUTINE RELEASES FROM 

LIGHT-WATER-COOLED REACTORS (REGULATORY GUIDE 1.111, MARCH 1976)

The evaluation of compliance with 10 CFR Part 50, Appendix I, appears in Appendix 11C.
Meteorological dispersion and deposition analyses were based on models, assumptions, and
parameter values as provided in Regulatory Guide 1.111 (March 1976).

3A.112 CALCULATION OF RELEASES OF RADIOACTIVE MATERIALS IN 
GASEOUS AND LIQUID EFFLUENTS FROM LIGHT-WATER-COOLED POWER 

REACTORS (REGULATORY GUIDE 1.112)

The evaluation of compliance with 10 CFR Part 50, Appendix I, appears in Appendix 11C.
Radioactive release estimates for this analysis are based in the guidance of Regulatory
Guide 1.112 except as noted in Section 11.1.1.3.

3A.127 INSPECTION OF WATER-CONTROL STRUCTURES ASSOCIATED WITH 
NUCLEAR POWER PLANTS (REGULATORY GUIDE 1.127)

In accordance with the NRC letter of March 28, 1979, inspection and surveillance of the
dam and water impoundments will be in accordance with Regulatory Guide 1.127.

3A.146 QUALIFICATION OF QUALITY ASSURANCE PROGRAM
AUDIT PERSONNEL OF NUCLEAR POWER PLANTS

(REGULATORY GUIDE 1.146, AUGUST 1980)

Compliance with the requirements set forth in Regulatory Guide 1.146 has been achieved at
the North Anna Power Station.
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Table 3A-2
COMPARISON OF PIPE BREAK LOCATION CRITERIA

Criteria for Class 2 and 3 Piping Regulatory Guide 1.46 Stone & Webster Original Criteria

Minimum number of breaks 4 4

Terminal points Yes Yes

Primary and secondary stress 
0.8(SA + Sh)

Yes Yes

Usage factor 0.1 × 1.2 Sh Not mandatory Not required

Primary stress 0.8 × 1.2 Sh Not required Yes

Secondary stress 0.8 SA Not required Yes

Additional intermediate points Reasonable basis Maximum 
primary-plus-secondary stress; 
maximum primary stress; 
maximum secondary stress; 
potentially most damaging 
location
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Appendix 13B
Comparison Between Time-History
and Frequency Response Methods

The time-history method of analysis was used to generate the amplified response spectra for
comparison with the frequency response method. In this approach, the multi-degree-of-freedom
structural system, modeled to incorporate subgrade structure interaction, is subjected to a
time-dependent base acceleration. The acceleration time history used was an artificial earthquake
that yielded a ground response spectrum that envelops the 0.5% smooth ground response
spectrum. The artificial time history had a total duration of 10.24 second. The matching of the
ground response spectrum was established for 250 oscillator periods distributed logarithmically
over the range of 0.03 second (33.0 Hz) to 3.33 second (0.3 Hz). A typical comparison between
the ground response spectrum obtained from the artificial time history and the smooth site ground
response spectrum is shown in Figure 3B-1.

The amplified response spectra generated by the frequency response method did not
envelop those generated by the time-history method over the entire frequency range. Because of
this difference between the response spectra generated by the two different methods, a review and
analysis was performed on critical Seismic Class I piping systems and on Seismic Class I
equipment. The systems and equipment included in this review are located in the containment
structure, auxiliary building, and the fuel building.

For the purpose of this review, the amplified response spectra were generated for the
design-basis earthquake condition with 5% structural damping and 1% equipment damping. It is
emphasized that, although the ground response spectrum obtained from the artificial time history
was more conservative than the smooth site ground response spectrum at the matching damping
value of 0.5%, no modification or periodwise scaling down of the amplified spectra was done.
Plots of representative amplified response spectra actually used for the review are compared with
those obtained by the frequency response method in Figures 3B-2.

The amplified response spectra in the high-frequency range are influenced by the structural
damping. Thus, in order to establish conservatism in the high-frequency range, another artificial
time history (5% artificial time history) that envelops the 5% smoothed ground response spectrum
was also used to generate the amplified response spectra for design-basis earthquake condition at
5% structural damping and 1% equipment damping. A comparison of these amplified response
spectra with those generated by the frequency response method demonstrates that there are no
significant penetrations of these amplified response spectra curves (generated using 5% artificial
time history) through the amplified response spectra curves generated by the frequency response
method. The effect of these penetrations in terms of increase in stresses over those indicated in
Table 3B-1 is negligible.
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Inspection of the amplified response spectra curves indicates that the time-history response
spectra are generally more conservative in the lower frequency range, while in the higher
frequency range, in which the majority of the piping fundamental frequencies occur, the
frequency response method is generally more conservative.

The justification of the frequency response method for the Seismic Class I piping systems
analyses was based on a review of the worst cases of critical seismically stressed systems. The
most highly stressed Code Class 1 piping system (safety injection) and Class 2/3 piping systems
anchored on containment internal structure (main steam, feedwater), containment external
structure (main steam), auxiliary building (component cooling water), and fuel building
(spent-fuel pit cooling) were reviewed. Dynamic analyses of these piping systems were performed
again, using amplified response spectra based upon the time-history method. The newly computed
stresses caused by the design-basis earthquake (SDBE) were then combined with the stresses
caused by dead loading (SDL) and the stresses caused by internal pressure (SLP). The resultant
stresses were all within the allowable stress limit of 3 Sm for Class 1 piping systems and 1.8 Sh
for Class 2/3 systems, respectively.

A comparison of the combined stress (SDBE + SDL + SLP) for the critical Seismic Class I
piping based on the frequency response method and the time-history method is presented in
Table 3B-1. Only the “Main Steam - Outside Containment Wall” line shows increased combined
stress over the original value, an increase attributable to the high flexibility of the line. The “Main
Steam - Outside Containment Wall” line has first and second mode natural frequencies of 2.09 Hz
and 3.15 Hz, respectively, and it is the only piping system having high seismic stress with a
fundamental natural frequency below 3 Hz. The conclusion from these results is that critical
Seismic Class I piping systems have been adequately designed for seismic loading.

Similarly, Seismic Class I equipment located in the containment structure, fuel building,
and auxiliary building has been reviewed on a worst-case basis for adequacy to time-history
amplified response spectra. On the basis of characteristic equipment natural frequencies,
acceleration values were selected from the time-history amplified response spectra and compared
with those used for the original seismic design. In general, the equipment natural frequencies
were found to lie in the portion of the curves where the frequency response method is conservative
in comparison to the time-history method. A list of equipment reviewed is presented in
Table 3B-2. In all cases investigated, the original designs were found to be conservative when
compared with time-history requirements. This conclusion is based on two factors:

1. The data that have been placed into specifications for equipment were based upon 0.5%
equipment damping for the design-basis earthquake. The review of component adequacy
using the time-history curves was based upon an assumed equipment damping of 1.0%. With
few exceptions, this resulted in resonant peak values at or below the original specified values.
At all locations where the 1.0% (new) curve exceeded the 0.5% (old) curve peak values, no
component was found to exceed allowable stresses.
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2. The new amplified response spectra by the time-history method are characteristically less
conservative, regardless of damping, in the higher frequency ranges above the predominant
resonant peak frequency. The so-called “rigid range” accelerations are thus, by comparison,
always lower than those specified by the original spectra. A corollary to this is the conclusion
that rigidity requirements necessary to keep components within the originally specified
values are not as severe.

In addition to the review described above, equipment coupled to piping systems has been
reviewed for nozzle loading effects. Piping system time-history nozzle loads were compared with
those developed by the frequency response method, and, in all cases, the nozzle loads used as a
design basis were found to be conservative. A determination was also made of the ability of the
equipment to withstand nozzle loads locally, using the methods outlined in Welding Research
Council Bulletin No. 107, as applicable. The attached nozzle loads were then used in determining
equipment structure and support acceptability under combined loading conditions. Again, the
original design bases were found to be conservative.

The conclusion from the results of the equipment reviews is that all Seismic Class I
equipment has been adequately designed for seismic loading.

It is further concluded that the frequency response method, for the particular areas of
investigation, yielded generally more conservative design bases than the time-history method.
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Table 3B-2
LIST OF EQUIPMENT REVIEWED

Reactor containment polar crane
Fuel building trolley
Fuel elevator
Fuel pit coolers
Spent-fuel pit pump
Containment mat drainage pumps
Air compressor (type A2, reciprocating)
Air compressor (horizontal, reciprocating)
Safety relief valves (size 3 x 4)
Air-operated sample valves (3/8 in., type 20000)
Butterfly valves (8 in., 18 in., 36 in., motor-operated)
Axial flow fans (vaneaxial, 130,000 cfm)
Containment cooling coils
Flow indicators (Barton Model 288)
Pressure transmitters
Temperature detectors (resistance type, various)
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Appendix 3C1

Effects of Piping System Breaks Outside Containment

1. Appendix 3C was submitted as Appendix C in the original FSAR.
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Appendix 3C
EFFECTS OF PIPING SYSTEM BREAKS OUTSIDE CONTAINMENT

3C.1 INTRODUCTION

3C.1.1 Report Coverage and Summary

This Appendix provides the response required by Mr. A. Giambusso’s letter of
December 18, 1972, and its attached document, entitled General Information Required for
Consideration of the Effects of Piping System Break Outside Containment, later revised in
January 1973. The inservice inspection program supports pipe line integrity as discussed in
Section 3C.2.7. This program was reevaluated and adjusted according to NRC approval letter
dated July 7, 1998.

This Appendix presents an analysis of the consequences of postulated pipe breaks outside
the containment. In addition to the direct effects on safety resulting from the postulated break of a
high-energy line, the analysis shows that North Anna Units 1 and 2 can be shut down and
maintained in a safe-shutdown condition with the modifications described herein. The postulated
break of a high-energy line is shown not to negate the function of any structures or systems
important to safety, and not to negate any redundancy of any system or component required to
operate as a result of the postulated failure.

The analysis ensures that the AEC General Design Criterion No. 4 is met, i.e., that all
structures, systems, and components important to safety are designed to accommodate the effects
of and are compatible with the environmental conditions associated with normal operation,
maintenance, testing, and postulated accidents. These structures, systems, and components are
protected against dynamic effects, including the effects of missiles, pipe whipping, and
discharging fluids that may result in equipment failures, and from events and conditions outside
the nuclear power unit.

To provide assurance that these criteria are met, the following modifications have been
made:

1. Main steam and feedwater restraints have been added to the piping within the main steam
valve house.

2. The main steam valve house structure has been redesigned to accommodate the pipe whip
restraints and their associated loads; to limit pressure buildup and flooding; to accommodate
jet impingement loads associated with high-energy line breaks; and to limit the
environmental effects of such breaks to the portion of the main steam valve house housing
these lines.
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3. Some piping within the main steam valve house has been rerouted to accommodate
additional structural steel. This piping was routed to avoid jet impingement zones. However,
where these zones are unavoidable, impingement shields are provided.

4. The auxiliary feedwater pumps and their associated instrumentation and controls have been
relocated from the main steam valve house to a new, separate Seismic Class I structure
designed against tornado-generated missiles.

5. For certain postulated high-energy line break locations in the service building, an augmented
inservice inspection program, as discussed in Section 3C.2.7 will ensure line integrity during
the life of the facility. In addition, the main steam and feedwater piping in the mechanical
equipment rooms is included in the Secondary Piping and Component Inspection Program.
Also, operators inspect these lines for leakage on a daily basis.

6. Automatic isolation valves have been added to the steam generator blowdown system to
protect equipment important to safety located in the auxiliary building.

7. Temperature sensors have been provided in various areas of the auxiliary building to provide
individual temperature indication and an alarm in the control room.

8. Isolation valves operable from the control room have been added to the auxiliary steam line
feeding the auxiliary building.

9. Level indication and an alarm have been provided in the control room to alert the operator of
flooding in the auxiliary building.

10. Containment pressure actuation devices have been moved to a different level of the auxiliary
building.

3C.1.2 Report Organization

The sectional organization of this Appendix is shown in Figure 3C-1. The approach used to
analyze the consequences of pipe failure is to identify and locate the high-energy “sources,”
identify and locate the safety-related “targets,” determine and evaluate the physical effects, and
make design modifications as required to meet the criteria. The criteria for determining pipe break
locations and methods of analysis are presented in Section 3C.2. The identification and location
of high-energy systems is discussed in Section 3C.3. Safety-related equipment is identified, and
locations listed, in Section 3C.4. Results of calculations and the evaluation of physical effects
from a pipe system break are described in Section 3C.5. Section 3C.6 presents the conclusions.

3C.1.3 Cross Reference to AEC General Information Requirements

Table 3C-1 cross-references the sections of this Appendix with the required general
information requested by Mr. A. Giambusso’s letter to the Virginia Electric and Power Company,
dated December 18, 1972, and later revised in January 1973.
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3C.2 CRITERIA FOR PIPE BREAKS AND ANALYSIS

3C.2.1 General Discussion

High-energy systems that require analysis for the consequences of pipe break were
identified based on the fluid in the pipe, the pressure, and the temperature during normal station
operation.

The fluids considered were water, steam, and water solutions. High-pressure nonflashing
gas lines were not included in this analysis.

The temperatures and pressures used for determination of high-energy systems are the
maximum normal operating temperatures and pressures. The type of analysis required was based
on the temperature and pressure conditions as shown in Figure 3C-2. The lines that were both
high-temperature and high-pressure were postulated to experience a longitudinal or
circumferential break, and were analyzed for pipe whip, jet impingement, and environmental
effects. The pipes that were low-pressure and high-temperature, or low-temperature and
high-pressure, were postulated to crack, and were analyzed for environmental effects only.

The analysis of these effects (environmental, pipe whip, fluid jets, etc.) involved
consideration of the “source” and the “target.” The “source” included the postulated pipe failure
and the resulting reactions of the failure. The “target” included structures, systems, or components
that were required to cope with the postulated pipe break and/or bring the unit to and maintain the
unit at a safe-shutdown condition. Systems that require automatic initiation by safety system
actuation and are required for that accident were protected from a loss of redundancy. A
high-energy line break that did not cause automatic initiation of safety systems was not allowed to
cause a loss of function of a feature required for safe shutdown. If such an accident resulted
merely in the loss of one or more components, while 100% redundancy of its function exists
elsewhere, the design of the system was considered adequate. In such a case, however, plant
operations would be governed by the requirements of the Technical Specifications.

To analyze the consequences of the postulated break, the “targets” were identified, and are
tabulated in Section 3C.4.

Once the high-energy break points and “targets” were identified and located, the
consequences of pipe whip and jet impingement were determined. The criteria and methods of
analysis for determining these effects are discussed below. As a part of the analysis of each break
point, it was determined if the consequences were acceptable or if pipe whip protection and/or jet
impingement protection was required.
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Protection from pipe whip was not provided if any of the following conditions existed:

1. The whipping pipe was physically separated (or isolated) from structures, systems, or
components important to safety by protective barriers, or restrained from whipping by plant
design features such as restraints.

2. Following a single break, the unrestrained movement of either end of the pipe in any
direction about a plastic hinge formed at the nearest pipe whip restraint could not impact any
structure, system, or component important to safety.

3. The internal energy level associated with the whipping pipe could be demonstrated to be
insufficient to impair the safety function of any structure, system, or component to an
unacceptable level.

4. It can be demonstrated that the design is acceptable on some other basis.

The internal energy level associated with the pipe break reaction takes into account any line
restrictions (e.g., flow limiters) between the pressure source and break location, and the effects of
either single-ended or double-ended flow conditions as applicable. The energy level in a whipping
pipe was considered as insufficient to rupture an impacted pipe of equal or greater nominal pipe
size and equal or heavier wall thickness.

Protection from jet impingement was not provided if any of the following conditions
existed:

1. The piping was physically separated (or isolated) from structures, systems, or components
important to safety by protective barriers.

2. The energy associated with jet impingement was demonstrated to be insufficient to impair
the safety function of any structure, system, or component to an unacceptable level.

3. It can be demonstrated that the design is acceptable on some other basis.

3C.2.2 Criteria on Pipe Breaks and Cracks

3C.2.2.1 Definition of High-Energy Lines

Design-basis pipe breaks were postulated in piping for which the maximum operating
pressure exceeded 275 psig and the maximum operating temperatures equalled or exceeded
200°F. Pipe cracks (d/2 × t/2) were postulated in piping for which either the operating pressure
exceeded 275 psig or the operating temperature equalled or exceeded 200°F. If both operating
pressure and temperature were below these specified levels, breaks and cracks were not postulated
(see Figure 3C-2).

Operating temperature and pressure are defined as the maximum temperature and pressure
in the piping system, during occurrences that are expected frequently in the course of power
operation, start-up, shutdown, standby, refueling, or maintenance of the plant.
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3C.2.2.2 Location of Breaks and Cracks

Design-basis break and crack locations were postulated in accordance with the following
criteria. However, where pipes carrying high-energy fluids were routed in the vicinity of
structures and systems necessary for safe shutdown of the nuclear plant, supplemental protection
of these structures and systems was considered and provided, where necessary, to cope with the
environmental effects (including effects of jet impingement) of a single postulated open crack at
the most adverse location with regard to these essential structures and systems. For definition of
terms used refer to Section 3C.2.2.3.

1. Code Class 1 piping breaks were postulated to occur at the following locations in each piping
run or branch run:

a. The terminal ends.

b. Any intermediate locations between terminal ends where the primary-plus-secondary
stress intensities Sm (circumferential or longitudinal) derived on an elastically calculated
basis under the loadings associated with the operating-basis earthquake and operational
plant conditions exceed 2.0 Sm for ferritic steel and 2.4 Sm for austenitic steel.

c. 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.

d. At intermediate locations in addition to those determined by b and c above, selected on a
reasonable basis as necessary to provide protection. At a minimum, two intermediate
locations were selected for each piping run or branch run, on the basis of maximum
combined primary and secondary stress.

2. Code Class 2 and 3 piping breaks were postulated to occur at the following locations in each
piping run or branch run:

a. The terminal ends.

b. Any intermediate locations between terminal ends where either the circumferential or
longitudinal stresses derived on an elastically calculated basis under the loadings
associated with an operating-basis earthquake event and operational plant conditions
exceed 0.8 (Sh + Sa) or the expansion stresses exceed 0.8 Sa.

c. Intermediate locations in addition to those determined by b above, selected on a
reasonable basis as necessary to provide protection. At a minimum, two intermediate
locations were selected for each piping run or branch run, on the basis of maximum
combined primary and secondary stress.
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3. For non-safety-class piping systems, breaks were postulated to occur at the following
locations in each piping run or branch run:

a. The terminal ends.

b. Any intermediate locations between terminal ends where either the circumferential or
longitudinal stresses derived on an elastically calculated basis under the loading associated
with operational plant conditions exceed 0.8 (Sh + Sa) or the expansion stresses exceed
0.8 Sa.

c. Intermediate locations in addition to those determined by b above, selected on a
reasonable basis as necessary to provide protection. At a minimum, two intermediate
locations were selected for each piping run or branch run, on the basis of maximum
expansion stress. (Where stress values were not available, intermediate locations were
selected at each pipe fitting.)

4. Cracks were postulated to occur in all high-energy lines at the most adverse location with
respect to “targets.”

The requirement to consider arbitrary intermediate locations was eliminated by Generic
Letter 87-11. The main steam and feedwater lines have been reanalyzed and intermediate
locations, as described by 2c and 3c were eliminated.

The criteria used to determine the pipe break orientation at the break locations, as
determined per Section 3C.2.2.2, were as follows:

1. Longitudinal breaks in piping runs and branch runs, 4-inch nominal pipe size and larger.

2. Circumferential breaks in piping runs and branch runs exceeding 1-inch nominal pipe size.

3C.2.2.3 Terminology

1. Piping is a pressure-retaining component consisting of straight or curved pipe and pipe
fittings (e.g., elbows, tees, and reducers).

2. A piping run interconnects components such as pressure vessels, pumps, and rigidly fixed
valves that may act to restrain pipe movements beyond that required for design thermal
displacement. A branch run differs from a piping run only in that it originates at a piping
intersection, as a branch of the main pipe run.

3. Sm is the design stress intensity as specified in the USA Standard Code for Pressure Piping,
ANSI B31.7.0-1969.

4. “U” is the cumulative usage factor as specified in the USA Standard Code for Pressure
Piping, ANSI B31.1.0-1967.

5. Sh is the basic material allowable stress at elevated temperature as defined in
ANSI B31.1.0-1967.
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6. Sa is the allowable stress range for expansion stress calculated by the rules of
ANSI B31.1.0-1967.

7. Longitudinal breaks are parallel to the pipe axis and oriented at any point around the pipe
circumference. The break area is equal to the effective cross-sectional flow area upstream of
the break location. The length of the break is assumed to be twice the outside diameter of
pipe. Dynamic forces resulting from such breaks are assumed to cause lateral pipe
movements in the direction normal to the pipe axis.

8. Circumferential breaks are perpendicular to the pipe axis, and the break area is equivalent to
the internal cross-sectional area of the ruptured pipe. The dynamic (blowdown) forces
resulting from a circumferential break act to separate the piping axially—there is no
transverse force during a circumferential break event.

9. A tee-joint that connects a branch run and main piping is not necessarily a break location for
the main piping, if it does not qualify as a high-stress and/or high-cumulative-usage-factor
location in this main piping run; however, at its welding junction to the branch run, which is
a terminal point of the branch run, a break location has been postulated (see Figure 3C-3).

10. If one of the computed stresses and/or cumulative usage factors of the various points of an
elbow, tee, or reducer was high enough to be qualified as an intermediate break location, and
the other(s) were within ±10% of it, all these points were considered as a single break
location.

3C.2.3 Methods and General Results

3C.2.3.1 Whipping Pipes

The motion of a pipe subsequent to a postulated break is analyzed with a finite element
mathematical model using a computer code for nonlinear dynamic deformation. Time-dependent
forces are applied to the model to represent the forces produced by the fluid. These forces account
for both momentum and decompression wave effects, and include the influence of flow
restrictors, friction, and pipe geometry. The code, LIMITA II, is described in Section 3.7.2.7.1.7.

3C.2.3.2 Restrained Pipes

The design and analytical justification of pipe whip restraints consists of two distinct
phases. The first is a conservative analytical method, based on energy dissipation, used to design
and size the restraints. The other consists of a nonlinear dynamic analysis of the pipe-restraint
interaction to verify the design adequacy.

The first phase of the analysis either computes the motion of a whipping pipe to obtain the
kinetic energy-displacement characteristics, or uses more elementary and conservative energy
functions, based on pipe displacement times the peak blowdown forces during the interval
immediately after the break, with approximate corrections for energy dissipation in the pipe prior
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to restraint impact. These energy functions are derived for several directions of pipe motion
corresponding to different break conditions and locations. Peak quasi-steady-state forces are also
determined for each direction of loading. These energies and forces are the basis for the
preliminary restraint design. Figures 3C-4 and 3C-5 illustrate the general concept of restraints.

The gap between the pipe and pipe whip restraint is selected to prevent contact under any
condition except pipe break. Allowance is made for maximum thermal and seismic pipe
displacements and installation tolerances. The elastic-plastic energy-absorbing capability of a
restraint design is evaluated on a static basis for each of the loading conditions, and is equated to
the energy gained by the pipe in moving from its initial position (the maximum normal operating
condition) to its final position against the deformed restraint. The capability of the deformed
restraint to support the quasi-steady-state loads is also examined. The restraint design is sized to
limit deformations to 50% of the uniform ultimate strain of the materials used.

The restraint design evolved by the above methods is analyzed for its dynamic interaction
with the pipe. A finite element mathematical model of the pipe and restraint, including the local
elastic-plastic stiffness of the pipe, represents the system. Using a computer code for dynamic
nonlinear deformation, the time-dependent interaction of the pipe and restraints is analyzed. The
results are checked to ensure that the strain criteria are met. A description of the dynamic analysis
methods is provided in Section 3C.2.3.3.

3C.2.3.3 Whipping Pipe and Wall Interactions

3C.2.3.3.1 Introduction

The velocity and geometry of a whipping pipe and the impact of a pipe into a pipe whip
restraint can be accurately predicted. However, pipe impact into a concrete wall is somewhat more
complex due to the brittle nature of the concrete.

In all cases, wall thicknesses used in normal plant construction are sufficient to stop
whipping pipes, although local damage to the wall may occur. Protection features such as cover
plates were added if spalling concrete surfaces would adversely affect equipment important to
safety.

The following sections describe the analytical techniques used.

3C.2.3.3.2 Pipe Acceleration Prior to Impact

The velocity of a whipping pipe is dependent on:

1. The blowdown forces.

2. The pipe and break geometry and size.

3. The distance traveled.
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The motion of the pipe subsequent to a break is computed using a finite element
mathematical model of the piping system, which is analyzed dynamically for elastic-plastic
deformation using the appropriate time-dependent forces. A typical mathematical model is shown
in Figure 3C-6. At time zero, before the break occurs, the system is in a state of stress due to
internal pressure, but these pressure forces are in static equilibrium with the loads in the pipe. For
a circumferential break, as the fracture propagates, the load-carrying metal of the pipe decreases,
so an unbalanced force results. The load in the pipe at the break is assumed to drop linearly to zero
in 1 msec. After the break, the forces exerted on the pipe by the fluid are determined by the
time-dependent pressure and momentum effects, which are controlled by the location of the
travelling decompression wave(s). The result of the above method of determining fluid dynamic
forces is the product of a “net” jet thrust, which has a rise time of 1 msec, with an initial pulse
peak of 1.0 PA, where P is the pipe internal pressure and A is the break flow area.

For a longitudinal break, the blowdown jet force is assumed to rise linearly to 1.0 PA in
1 msec. Thereafter, the magnitude of the force is again determined by the location of the
decompression wave(s).

For both break types, if pipe friction and flow restrictions are neglected, the maximum jet
force (at steady state) is equal to 1.26 PA for steam and saturated water lines and 2.0 PA for
subcooled water lines.

3C.2.3.3.3 Concrete Wall Impact

The crushing resistance of the pipe is modeled as a “spring” (connected to the wall, which is
assumed fixed) in the mathematical model. Displacements in the wall do not have to be
considered since the great inertia of the wall prevents any appreciable movement prior to the
moment that the peak forces occur. The peak force computed in this “spring” during the dynamic
analysis is the maximum load transmitted to the wall during the impact. The effects of the
continuing blowdown forces and the inertia of the pipe away from the impact point are included in
the analysis.

Since the load is applied to the concrete wall in a short time compared to the natural period
of a concrete wall, the application of a dynamic load factor is required when using static design
equations. A punching shear failure analysis is performed to evaluate the concrete wall.

3C.2.3.4 Fluid Jets and Interactions on Reinforced-Concrete Walls and Metal Plates

All safety-related components and barriers, reinforced-concrete walls, and steel plates
located in the fluid jet path of postulated pipe breaks are considered susceptible to jet
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impingement. To evaluate the local punch shear effect on the reinforced-concrete walls due to the
jet from a pipe break, the following steps are taken:

1. For circumferential pipe break, a family of curves, Figures 3C-7 through 3C-8, representing
the resistance of reinforced-concrete walls to jet impingement is presented. Four basic
parameters, i.e., the pipe diameter, the fluid pressure P, the reinforced-concrete wall
thickness, and the distance between wall and pipe break location, are plotted based on the
following conservative assumptions:

a. The pressure drop due to pipe friction and flow restrictions is negligible. The magnitude of
the jet force is the upper bound of the steady-state value, 1.26 PA for steam line and
2.0 PA for nonflashing water line, where A is the break area.

b. The friction between air and jet fluid is negligible.

c. The concrete wall intercepts the whole jet normal to the wall.

d. A dynamic load factor of 2.0 is applied to the jet force to the concrete walls, assuming
instantaneous jet impingement load.

e. The strength characteristics of concrete wall are based on American Concrete Institute
Standard 318-71.

If a case is judged safe as indicated by these curves, the judgement is regarded as
conclusive. Otherwise, a more detailed analysis, as described in step 2, is performed.

2. The steady-state jet force is calculated with the effects of pipe flow friction and flow
restrictions taken into consideration. The magnitude of jet force obtained in this step is
expected to be less than that in the first step. The curves used in the first step are used again
by simply reducing the fluid pressure P in proportion to the reduction in the magnitude of jet
force. However, if the steady-state jet force is less than 1.0 PA, the initial value of jet force
1.0 PA is used.

If the result is still unsatisfactory, a third step is taken.

3. The time history of the jet force is determined and a dynamic analysis is performed.

If the concrete wall is shown unsafe by this third step, either the concrete wall is strengthened
or jet impingement shields are installed. Within the same distance and within the same
expansion angle, a jet from a longitudinal break will expand to a larger area than that from a
circumferential break. Therefore, in the longitudinal break case, the use of the
above-mentioned curves will give a slightly more conservative result. To analyze the jet
impingement on metal plates designed to protect some equipment or structures, an approach
similar to that for the concrete walls is used.
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3C.2.3.5 Pressure and Environment

The pressure buildup from the postulated rupture of a high-energy pipe in a cubicle or
building is calculated using the computer program CUPAT.

3C.2.3.5.1 Introduction

CUPAT is a computer program used to calculate pressure and temperature transients in
various nuclear power plant cubicles resulting from a postulated high-energy pipe break. The
output is used mainly for design purposes in establishing the peak pressure differentials across the
cubicle walls.

This program was derived from the LOCTIC computer program (Reference 1), used to
calculate pressure and temperature transients for the primary containment. There are two major
differences between LOCTIC and CUPAT:

1. LOCTIC includes the effects of heat transfer by providing subroutines to handle sources and
sinks. CUPAT assumes a volume that receives heat and mass from a ruptured piping source
and discharges heat and mass to its surroundings, but aside from that there are no other heat
sources or sinks (adiabatic assumption).

2. CUPAT allows for flow out of the volume considered as well as flow in.

To calculate the transients within a compartment, CUPAT numerically solves finite
difference equations defining heat and mass flows into and out of the compartment. The program
uses the same basic assumptions as those used in LOCTIC, namely:

1. Mass and energy added or removed during each small time step are based on rates
determined at the start of the time step; i.e., during any time interval, the thermodynamic
state is assumed to be steady, and the response of the flow out of the volume to changes in the
thermodynamic state is instantaneous (quasi-steady-state assumption).

2. The atmosphere in the compartment mixes instantaneously and homogeneously, i.e., at each
point in time, the atmosphere is in a state of thermodynamic equilibrium.

A detailed description of the approach to the problem is presented below.

3C.2.3.5.2 Calculational Approach

The calculational approach used in CUPAT is summarized in the block diagram shown in
Figure 3C-9. Blocks (1) through (5) are traversed once for each time step.

3C.2.3.5.2.1 Quasi-Steady-State Assumption. Analyzing for the transient effects of a pipe break
is very complex. The thermodynamic state of the cubicle atmosphere is continuously changing.
This state depends on the mass and energy flows into and out of the cubicle. The flows, in turn,
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are dependent on the thermodynamic state within the cubicle. A numerical solution requires that
the following simplifying assumptions be made.

The system is defined as the cubicle atmosphere at any given time. This includes any air,
steam, and water droplets present, but not the walls, equipment, or internal structure of the cubicle
itself. If the time step is small enough, the net rate of mass and energy addition to the system will
not vary appreciably during the time step. Thus, the flow rates are calculated assuming that the
thermodynamic state does not change during the time step; this assumption eliminates the need to
iterate and converge on the inflow and outflow for each time step. This approach is used in
LOCTIC (which also includes heat flows) for the primary containment transients, and is also used
in CUPAT.

3C.2.3.5.2.2 Mass and Energy Flow Rates into Cubicle. The mass and energy flow rates into
the cubicle are supplied as input to the program in tabulated form. These blowdown rates into the
cubicle may be obtained from the output of a LOCTIC or LOCTVS (Reference 2) computer run
or from the assumption of Moody (Reference 3) flow with a known pressure blowdown.

The flow of fluid from a piping rupture is relatively insensitive to the back pressure in the
cubicle, since the pressure in the high-energy line is above 275 psig. Thus, the mass and energy
inflow data specified as input are close to the actual flow, but are conservatively high.

3C.2.3.5.2.3 Calculation of the Thermodynamic State of the Cubicle. In each time step of the
numerical calculation, equilibrium temperature and pressure in the cubicle are determined based
on new values of mass and internal energy. Properties of water are obtained from the steam tables.
The detailed procedure by which the pressure and temperature of the cubicle atmosphere are
found from the updated values of mass and internal energy is described below.

Initially, the equilibrium state is considered to be a two-phase mixture of air, saturated
steam, and saturated liquid. However, if the energy content for the given mass is greater than that
required for saturation, a single-phase mixture of air and superheated steam is determined.

To arrive at the correct equilibrium conditions, a curve of internal energy of the air, steam,
and liquid in the volume versus temperature is generated. The basis for the curve is that the mass
of water present in the cubicle is at a saturated equilibrium state for each temperature, and the
total internal energy of the system at this temperature is calculated accordingly. The actual total
internal energy is used to enter this curve and find the true temperature. The total pressure is then
determined by adding the vapor pressure to the air partial pressure calculated by the ideal gas law
at this temperature.

In the case where the contents form a superheated vapor, the superheat section of the steam
tables is used to match the specific volume of the steam and the internal energy to find the
equilibrium temperature and pressure.
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3C.2.3.5.2.4 Calculation of Flow Rate Out of Cubicle. The CUPAT computer program uses the
LOCTVS (Reference 4) vent flow model to determine the flow rate out of the cubicle. A
homogeneous flow model is used in LOCTVS to calculate flow out of the drywell through the
vents of a pressure suppression containment. Although flow through the vents is characterized by
slip between the gaseous and liquid phases, a homogeneous model yields lower flow rates and is
used for conservatism. The ability of the vent flow model to conservatively predict flow through
the vents has been checked against the Bodega Bay and Humboldt Bay pressure suppression tests.

3C.2.4 Protection Against Whip

Where pipe whip analysis indicated that the consequences of allowing a high-energy pipe to
whip were unacceptable with respect to the criteria of Section 3C.2.1, the pipe was restrained, a
barrier wall was placed between the pipe and the equipment, or the pipe and/or equipment was
relocated.

The exact method of protection depended on the circumstances of the individual break
location.

3C.2.5 Analysis of Seismic Class I Structures

3C.2.5.1 General

A discussion of the structural analysis of Seismic Class I structures is contained in
Section 3.8.1. That discussion is herewith expanded to include consideration of the structural
effects of pipe failure loads such as pipe whip restraint forces, jet impingement forces, and steam
pressure or hydraulic flooding.

3C.2.5.2 Methods of Evaluation Stresses

3C.2.5.2.1 Structural Steel

Stresses in structural steel members were evaluated by the methods of Part 1 of the AISC
Specification for the Design, Fabrication, and Erection of Structural Steel for Buildings, issued
February 12, 1969.

3C.2.5.2.2 Reinforced Concrete

Stress in reinforced-concrete members were evaluated by the methods of Part 4 of the ACI
Building Code Requirements for Reinforced Concrete, issued 1971.

3C.2.5.3 Load Combinations and Allowable Design Stress: Definitions

D Dead loads and their related moments and forces, including any permanent equipment
loads, and prestressing loads, if any

L Live loads, present during the pipe rupture event, and their related moments and forces
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To Thermal loads during normal operating conditions

Ro Pipe reactions during normal operating conditions

E Operational-basis earthquake (OBE) load (see Section 2.5.2.6)

HE Design-basis earthquake (DBE) load (see Section 2.5.2.6)

Pa Pressure equivalent static load within or across a compartment and/or building,
generated by a postulated break, and including an appropriate dynamic factor to
account for the dynamic nature of the load

Ta Thermal loads under thermal conditions generated by a postulated break and including
To

Ra Pipe reactions under thermal conditions generated by a postulated break and including
Ro

Yr Equivalent static load on a structure generated by the reaction of the broken
high-energy pipe during a postulated break, and including an appropriate dynamic
factor to account for the dynamic nature of the load

Yj Jet impingement equivalent static load on a structure generated by a postulated break,
and including an appropriate dynamic factor to account for the dynamic nature of the
load

Ym Missile impact equivalent static load on a structure generated by or during a postulated
break, like pipe whipping, and including an appropriate dynamic factor to account for
the dynamic nature of the load

S For the structural steel, S is the required section strength based on the elastic design
methods and the allowable stresses defined in Part 1 of the AISC Specification for the
Design, Fabrication, and Erection of Structural Steel for Buildings, February 12, 1969

U For concrete structures, U is the section strength required to resist design loads, based
on methods described in ACI 318-71

3C.2.5.4 Seismic Class I Structures

Concrete structures have been checked to satisfy the following load combinations:

U = D + L + Ta + Ra + 1.5 Pa

U = D + L + Ta + Ra + 1.25 Pa + 1.0 (Yr + Yj + Ym) + 1.25 E
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U = D + L + Ta + Ra + 1.0 Pa + 1.0 (Yr + Yj + Ym) + 1.0 HE

Steel structures have been checked to satisfy the following load combinations:

1.6 S = D + L + Ta + Ra + Pa

1.6 S = D + L + Ta + Ra + Pa + 1.0 (Yj + Yr + Ym) + E

1.6 S = D + L + Ta + Ra + Pa + 1.0 (Yj + Yr + Ym) + HE

Local stresses due to the loads Yr, Yj, and/or Ym were permitted to exceed allowable,
provided there was no loss of function of any safety-related system. Appropriate dynamic load
factors were included in all dynamic loads unless a time-history analysis was used.

3C.2.6 Electrical and Controls and Environmental Capability

The electrical and control equipment that must remain operable to control and power
engineered safety features systems or systems to provide for safe shutdown following a postulated
high-energy line break are not endangered by postulated high-energy line breaks because
(1) physical plant arrangement provides protection by separation from areas occupied by the
high-energy lines, or (2) equipment that could be influenced by failure of high-energy lines is “fail
safe,” in that loss of the equipment or voltage causes safety equipment to be operated in the safe
direction or causes a signal loss which initiates safeguards actuation, or (3) methods are used to
detect and isolate the break before detrimental damage can occur.

3C.2.7 Augmented Inservice Inspection

An augmented inservice inspection program of welds at postulated break locations has been
initiated for the main steam and feedwater systems from the 40-inch main steam and 26-inch
feedwater headers to the main steam valve house. Twenty-five percent of the welds at postulated
break locations in the main steam and feedwater piping located in the mechanical equipment
room will be examined in accordance with the rules of ASME Section XI (IWC, Class 2), edition
and addenda corresponding to the currently approved ASME Section XI program. The inspection
locations will be changed each inspection period, such that a different twenty-five percent of the
locations will be inspected. This program provides 75% weld inspection each ASME Section XI
interval. (See References 9, 10, & 11). In addition, the main steam and feedwater piping in the
mechanical equipment rooms is included in the Secondary Piping and Component Inspection
Program. Also, operators inspect these lines for leakage on a daily basis.
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3C.2.7.1 Inservice Inspection

The augmented inservice inspection program will comply, to the extent practical within the
limitations of design, geometry, and materials of construction of the components, to the
requirements in the editions of Section XI of the ASME Boiler and Pressure Vessel Code and
Addenda required for the reactor coolant system. The frequency of inspections for the augmented
inservice inspection program has been increased over those required by ASME Section XI,
1970 Edition, as outlined below.

For welds (at the postulated break locations):

1. A baseline examination providing 100% coverage was performed prior to commercial
operation to establish system integrity and baseline data.

2. Thereafter, inservice inspection of the welds will be performed in accordance with the
following schedule. (The inspection intervals identified below sequentially follow baseline
examination above.)

3. Examinations that reveal unacceptable defects in a weld during an inspection shall be
extended to require an additional inspection of another one-fourth of the welds. If further
unacceptable defects are detected in the second sampling, the remainder of the welds shall be
inspected.

The nondestructive examination procedures will include the examination of the welds and
heat-affected zones using either surface and ultrasonic methods or radiograph methods.
Examination methods will be in accordance with ASME XI IWC-2000.

First 10-Year Inspection Program Intervals

a. First 3-1/3 years (or nearest 
refueling outage

100% volumetric inspection of all welds

b. Second 3-1/3 years (or nearest 
refueling outage)

100% volumetric inspection of all welds

c. Third 3-1/3 years (or nearest 
refueling outage)

100% volumetric inspection of all welds

Successive Inspection Intervals

Every 10 years thereafter (or nearest 
refueling outage)

Nondestructive inspection of one-fourth of 
the welds at the expiration of each period of 
the inspection interval with a cumulative 
75% coverage of all welds each interval.

Note: The welds selected during the successive inspection intervals shall be distributed 
among the total number to be examined to provide a representative sampling of the 
conditions of the welds.
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Alternative examination methods, a combination of methods, or newly developed
techniques may be substituted for the method specified above, provided the results are
demonstrated to be equivalent or superior to those of the specified method.

3C.2.7.2 Basis for the Inservice Inspection Program

As shown in a PVRC report (Reference 5), and Virginia Power technical report
(Reference 8), toughness of nuclear power plant piping materials is sufficient to prevent brittle
fracture at operating conditions. This conclusion is supported by fracture mechanics calculations.
Furthermore, from the following fracture mechanics techniques and calculations, the critical size
of surface and internal flaws exceeds the thickness of the piping material. Consequently, a surface
or an internal flaw will extend through the wall thickness and form a subcritical through-wall
crack, which will leak before it reaches its critical size.

Main steam line material is ASTM A155 grade CMS 75, Class 1, outside diameter
32 inches, wall thickness 1 inch, plate material for piping ASTM A299. Fittings were fabricated
from ASTM A299 steel plate stock, using the ASTM A234 Grade WPB specification. Fitting
material equivalent to ASTM A691, Grade CMS 75, Class 32: carbon-manganese-silicon alloy
steel can be used as replacement material for pipe and fittings.

Feedwater line material is ASTM A106 grade B, outside diameter 16 inches, wall thickness
1.031 inch for Schedule 100 and 0.844 inch for Schedule 80. Fittings are SA234 WPB.
ASTM A335, Grade P11 or P22: Chromium - Molybdenum steel can be used as replacement
material for fittings. ASTM A691 Grade 2 1/4 CR, Class 42; ASTM A387, Grade 22 (plate):
Chromium - Molybdenum steel can be used as replacement materials for headers of optional
rolled and welded design. ASTM A691 Grade 2 1/4 CR, Class 42 can be used as alternate
material for fittings.

For both main steam and feedwater piping, the ASME SA equivalent material can be used
as a preferred substitute for ASTM materials.

3C.2.7.3 Fracture Mechanics

The application of fracture mechanics techniques allows prediction of the critical flaw size
that can cause fast or unstable fracture in a stressed structure.

When the critical flaw size is established for a nominal stress level, it is possible to
determine the acceptable defect size. One of the criteria is the leak-before-fracture criterion,
which states that the defect will propagate slowly through the wall of the pipe and that the pipe
will leak before the crack is large enough to trigger the fast fracture.

Fabricated structures may contain several types of defects, such as surface flaws, internal
flaws, and through-the-wall cracks. The critical flaw size can be calculated for each of these flaws
using fracture mechanics relationships. The required formulas were used in two published papers
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(References 5 & 6) treating similar problems. As emphasized in the PVRC Recommendations on
Toughness Requirements for Ferritic Materials, pipe wall section thickness is usually not thick
enough to support plane strain fracture propagation, which can be properly analyzed by the
fracture mechanics methods. In other words, the load limits and critical flaw size calculated using
fracture mechanics will in general be more conservative for pipe than for the thick section
structures where the plane stress conditions can exist. Fracture will occur when the value of the
stress intensity factor KI reaches the critical value KIC. The critical flaw size is related to the KIC
in several different formulas, depending on geometry of structures, flaws, shape, and
environmental factors. The following assumptions have been made about factors affecting the
relation between the KIC and the critical flaw size:

1. Material properties (toughness and strength) of the weld metal and the heat-affected zone in
the longitudinal and circumferential weldments are the same as in the base material.

2. The lowest and the highest temperatures in the main steam line are approximately 520°F and
540°F. The lowest and the highest temperatures in the feedwater line are approximately
290°F and 440°F. However, only the lowest temperatures are used in calculations of fracture
toughness because they give more conservative values for critical crack size.

3. Because of uncertainty involved in evaluating the possible stress state, Irwin’s (Reference 7)
suggestion was accepted that the membrane stress is equal to the yield strength. Therefore a
value of 31,100 psi at 290°F was used for ASTM A106 Grade B material, and 36,900 psi at
520°F for ASTM A155 Grade CMS 75 material, based on stress data of ANSI B31.7.

4. The critical stress intensity factor of 300,000 psi  was used in Reference 6 for A106B
pipe. In this work, a lower value of 200,000 psi , which would correspond to the
reference stress intensity factor KIR at the temperature NDT +180°F, has been used. The
lowest temperature for A106B pipe is 290°F and for A155 pipe 520°F, which means that the
NDT temperature in the first case would be 290-180=110°F, and in the second case
520-180 = 340°F. This is a conservative assumption, because the NDT temperature for these
materials is below room temperature.

Toughness of replacement materials is documented in Reference 8. This reference provides
technical justification for use of replacement materials based upon fracture toughness of
these materials. The replacement materials are assessed using linear-elastic fracture
mechanics, elastic-plastic fracture mechanics, and load limit methods.

3C.2.7.4 Internal Flaw

The internal flaw is assumed to be ellipsoid, as shown in Figure 3C-10 (A), and is located in
the center of the pipe wall. The flaw can be axial (the major axis parallel to the pipe axis) or
circumferential (the major axis perpendicular to the pipe axis). A further assumption is that the
flaw is small compared to the pipe radius. Thus the curvature effect can be neglected and the pipe

in.
in.
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can be approximated with an infinite plate under uniform applied stress. The stress intensity factor
KI for this model is given by Reference 6.

(3C.2-1)

where σ is the applied stress, β is the angle at which the stress intensity is calculated, and φ
is the elliptic integral,

 dθ (3C.2-2)

At the tip of the major axis, β = 0, while, at the tip of the minor axis, β=  π/2.

If it is assumed that the major axis of the ellipsoid is twice as long as the minor axis,
Equation 3C.2-1 becomes:

KIC = 0.826 σ (π acr)
½ (3C.2-3)

It has been shown that for an elongated crack (b>>a), the critical stress intensity factor is
given by:

KIC = 1.2 σ (π acr)
½ (3C.2-4)

Substituting the values for the stress intensity factor and applied stress (yield strength at the
temperature) in Equations 3C.2-3 and 3C.2-4:

The maximum nominal wall thicknesses of the main steam and feedwater lines within the
service building are 1 inch. All 2 acr values are much greater than the wall thickness, which means
that the flaws would extend through the wall without becoming critical. In other words, the
internal flaw will become a through-the-thickness crack and will leak.

Material Temperature,°F Equation 2 acr (Critical Flaw Size), in.
SA106B 290 3C.2-3 38.6
SA106B 290 3C.2-4 18.3
SA155 520 3C.2-3 27.4
SA155 520 3C.2-4 13.0
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3C.2.7.5 Surface Flaw

The surface flaw is assumed to be a semi-ellipsoid, as shown in Figure 3C-10(B). The flaw
can be axial or circumferential, as in the previous case. Again the curvature effect is neglected,
and the stress intensity factor is given by Reference 5.

KIC = 1.12 σ (π acr)
1/2 (3C.2-5)

As in the case of the internal flaw, the surface flaw will penetrate the pipe wall without
becoming critical.

3C.2.7.6 Axial Through-Wall Crack

The simplest formula for axial through-wall cracks is obtained when the pipe is assumed to
be an infinite plate; that is, the diameter is much greater than the thickness. Equation 3C.2-6 gives
the critical crack size for such a simple case (Reference 5):

KIC = σ (π bcr)
1/2 (3C.2-6)

where 2 bcr is the critical crack length. The geometry is shown in Figure 3C-10(C). When
the pipe diameter decreases, corrections are necessary. As a result of tests at Battelle Memorial
Institute on SA106B piping, the critical size of the axial through-wall crack is given by
Reference 6:

bcr = (3C.2-7)

where bcr is the critical half length, * is the flow stress, R the average pipe radius, and t the
thickness.

Material Temperature,°F
acr (Critical 

Flaw Size), in.
SA106B 290 10.5
SA155 520 7.5 

Material Temperature,°F Equation 2 bcr (Critical Flaw Size), in.

SA106B 290 6 26.4
SA106B 290 7 1.9 (16-in. o.d. Schedule 80)
SA106B 290 7 2.6 (16-in. o.d. Schedule 100)
SA155 520 6 18.8
SA155 520 7  3.46 

Rt
1.61
---------- σ*

σ
------⎝ ⎠
⎛ ⎞ 1–

⎩ ⎭
⎨ ⎬
⎧ ⎫

1
2
---
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3C.2.7.7 Circumferential Through-Wall Crack

It is shown in Reference 6 that the critical length of a circumferential through-wall crack is
greater than the critical length of an axial crack.

3C.2.7.8 Flaw Growth

Under the influence of cyclic loads, small defects can grow to critical size. It has been
shown that an empirical expression accurately describes the flaw growth.

(3C.2-8)

where  is the flaw growth rate, ΔK is the change in stress intensity factor per cycle, and C
and m are constants.

The following calculation taken from Reference 6 describes the growth of the code
allowable internal and surfaces flaws into through-wall cracks. Since the size of these flaws is
small, pipe curvature can be neglected, and there is no difference between axial and
circumferential flaws. Surface defects in Seismic Class I piping allowed by the code are defects
with a maximum depth of 5% of the wall thickness. Therefore the maximum flaw depth should
not exceed 0.05x (thickness). The material constants equation have values: C = 1.6 × 10-4 in.-1

and m = 4 (at 550°F). Note that the value of the exponent m is conservative. The exponent varies
between 2 and 4 for different steels and, using its maximum value, the growth rate will be the
fastest.

Integration of Equation 3C.2-8 gives the number of cycles:

(3C.2-9)

where ai is 0.05 times the thickness, and is the initial flaw depth (the code allowable defect),
and ax is the final flaw depth. For a surface flaw, integral 3C.2-9 becomes:

(3C.2-9)

If a = thickness, then n is the number of cycles to develop a through-wall crack. When
Equation 3C.2-10 is applied to SA 155 pipe, ai = 0.05 × 1 = 0.05 in. and ax = 1 inch.
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σ = yield stress at 550°F (the flaw growth will be faster at higher temperatures).

(3C.2-10)

It has been shown (Reference 6) that the growth of an internal flaw is even slower than in
the above case. The number of cycles during the lifetime of a nuclear power plant can be obtained
taking into account daily and weekly power reductions, start-ups, shutdowns, and other changes in
pressure. An estimate made in Reference 6 gives the number of cycles at about 13,000, which is
much smaller than the value for the formation of a through-wall crack.

3C.2.7.9 Leak Detection

The main steam and feedwater lines located in each unit’s mechanical equipment room are
inspected daily during operator tours for the purpose of detecting leakage from through-wall
cracks before they reach critical flaw size. Specific guidance for the examination of the main
steam and feedwater lines has been provided for operator use. Leakage through the insulation and
protective sheet metal will be identified by observation of water or steam. If a leak is detected, it
will be immediately investigated and repaired if caused by a through-wall crack. The leakage
detection system described below is no longer required to be in service.

A leak detection system monitors circumferential welds of the main steam and feedwater
lines in the mechanical equipment rooms. The general concept of the leak detection system is
shown on Figure 3C-11. The system consists of a multichannel indicating device connected by
electrical cables to moisture-sensitive tape located on the pipe insulation in the area to be
monitored.

When the sensing element is dry (the normal operating condition), the indicator lamp in that
channel flashes at an approximate rate of 10 to 15 times per minute. Should a leak occur in the
monitored area, the flashing ceases and the indicator glows steadily. In addition, an annunciator in
the control room is actuated. If a leak is detected, it will be immediately investigated and repaired
if caused by a through-wall crack. The location of a leak is pinpointed by the channel of the
indicator lamp.

3C.3 HIGH-ENERGY SYSTEMS

3C.3.1 System Identification

The following systems contain “high-energy lines,” as defined in Section 3C.2.2:

• Auxiliary steam

• Steam generator blowdown

• Boron recovery

n 4.13 109× 1
27.7( )4

----------------- 1
0.05
---------- 1–⎝ ⎠
⎛ ⎞× 132,000 cycles= =
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• Chemical feed

• Condensate

• Chemical and volume control

• Extraction steam

• Feedwater

• Gland steam

• High-pressure heater drains and vents

• Low-pressure heater drains and vents

• Liquid waste disposal

• Main steam

• Safety injection

• Sample

Table 3C-2 identifies individual high-energy lines in these systems.

3C.3.2 Quality Assurance and Inspection

The quality assurance programs used for North Anna Units 1 and 2 are described in
Chapter 17.

Table 3C-2 provides additional quality assurance information for each high-energy line.
Those lines with a designation of Q1, Q2, and Q3 have been designed, fabricated, and inspected in
accordance with the requirements of Class I, II, and III, respectively, of ANSI B31.7-1969 and
addenda through 1970. All other lines have been designed, fabricated, and inspected in
accordance with ANSI B31.1-1967.

3C.3.3 Detection of Failures

Detection of main steam pipe breaks is described in Sections 15.2.13, 15.3.2, and 15.4.2.
Detection of breaks in feedwater lines is discussed in Section 15.2.8. Detection of breaks in lines
containing radioactive fluids is discussed in Section 12.1.4. Detection for breaks in lines routed
through the Auxiliary Building is discussed in Section 3C.5.4.6.2.

3C.4 PLANT SHUTDOWN AND EQUIPMENT IMPORTANT TO SAFETY

3C.4.1 Introduction

Table 3C-3 lists the major equipment outside the containment that is required either to
mitigate the consequences of a postulated break in a high-energy line or to bring the plant to and
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maintain the plant at a safe-shutdown condition. Associated instrumentation, power supplies, etc.,
are included with this equipment. The following assumptions have been made to determine
equipment available for safe shutdown:

1. Loss of outside power, if the initiating event results in a trip of the turbine generator or the
reactor protection system.

2. No design-basis accident.

3. Only Seismic Class I equipment is available unless otherwise noted.

3C.4.2 Plant Shutdown Equipment

Main steam or feedwater breaks outside the containment are discussed in Sections 15.2.8,
15.3.2, and 15.4.2. Subsequent to a main steam or feedwater break, assuming offsite power is
unavailable, plant shutdown is achieved by actuation of the emergency core cooling system
(Section 6.3), removal of core decay and sensible heat via steam release through the atmospheric
dump valves (Section 10.3), and maintenance of steam generator water inventories by means of
the auxiliary feedwater system (Section 10.4.3).

Shutdown equipment is normally controlled from the control room. However, should
evacuation of the control room be necessary, shutdown equipment can be controlled from an
auxiliary shutdown panel as described in Section 7.4.

3C.4.3 Relationship of High-Energy Lines to Plant Shutdown and Equipment Important 
to Safety

The locations of equipment important to safety are shown on Reference Drawings 1
through 10. Machine and piping location drawings were used to evaluate which high energy lines
were close to equipment important to safety. Table 3C-2 lists the high energy pipes; the locations
can be reviewed on controlled drawings. Examples of the auxiliary building high energy piping
can be found in Reference Drawings 11 through 35.

3C.5 EFFECTS OF PIPE BREAKS AND CRACKS

3C.5.1 Main Steam

3C.5.1.1 Break Locations

Reference Drawings 36 and 37 show the main steam lines. Break locations were postulated
in the main steam lines from the containment to the turbine building in accordance with
Section 3C.2.2. For the main steam line, 0.8 of the allowable thermal stress is 22,500 psi, and 0.8
of the allowable combined stress is 0.8 (Sh + Sa) = 37,500 psi. Piping downstream of the manifold
common to the three steam lines was not analyzed seismically. For this piping, intermediate
locations were determined on the basis of maximum thermal stress. At all break points, both
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circumferential and longitudinal breaks were postulated. Cracks were selected in the vicinity of
all identified “targets.”

3C.5.1.1.1 Main Steam Valve House

The break points for the main steam lines in the main steam valve house are listed in
Table 3C-4. The break locations are shown on Reference Drawing 51.

3C.5.1.1.2 Service Building

The break points for the main steam lines in the service building are listed in Table 3C-4.
The break locations are shown on Reference Drawing 51.

3C.5.1.1.3 Turbine Building

The break points for the main steam lines in the turbine building are listed in Table 3C-4.
The break locations are shown on Reference Drawing 51.

3C.5.1.2 Separation

3C.5.1.2.1 Main Steam Valve House

The main steam valve house has been redesigned to ensure that the effects of postulated
breaks within the main steam valve house are limited to the main steam valve house itself. This
was done by removing doorways between adjacent structures, providing doorways directly to the
outside, sealing all penetrations (piping, etc.) leading to or from adjacent structures, providing
additional thickness and/or reinforcement in walls and floors, etc.

The analysis of pipe breaks within the main steam valve house indicated that adequate
separation did not exist between the postulated pipe breaks and the auxiliary feedwater equipment
located in that same structure. Therefore, the auxiliary feedwater pumps and their instrumentation
and controls have been relocated to their own separate Seismic Class I, tornado-missile-protected
structure adjacent to the 110,000-gallon condensate storage tank (refer to Section 3C.5.4.9).

3C.5.1.2.2 Service Building

An augmented inservice inspection program, as described in Section 3C.2.7, provides
assurance of line integrity during the life of the facility. In addition, the main steam and feedwater
piping in the mechanical equipment rooms is included in the Secondary Piping and Component
Inspection Program. Also, operators inspect these lines for leakage on a daily basis.

3C.5.1.2.3 Turbine Building

The steam lines in the turbine building were analyzed; satisfactory separation exists
between steam lines and any structures, systems, or components important to safety.
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3C.5.1.3 Restrained Pipes

In the event that a main steam line ruptures in the main steam valve house, it is required that
damage be limited primarily to blowdown of the affected steam generator and that the lines to and
from the auxiliary feedwater system be protected.

Analyses indicated that whip restraints are required. These restraints are provided as shown
in Figure 3C-12. It is assumed that during the initial moments after a break, steam flows from
both ends of the severed pipe. For a circumferential rupture at points 150, 152, and 153, the
restraint at C prevents the downstream section of pipe from whipping northward. Whipping
normal to the pipe axis is limited by the containment for a longitudinal break at point 150 and by
restraints B and C for a break at point 152 or 153. For a circumferential break at the elbow,
restraint C limits downward whipping and restraint D prevents upward whipping of the severed
pipe ends.

For a circumferential rupture in the riser at point 151 or point 461, the restraint at F restricts
upward travel of the manifold. For a longitudinal break at point 461, the restraint at E prevents the
manifold and riser from whipping.

The main steam pipe rupture restraints are designed to deform inelastically so that the
impact energy due to the whipping rupture pipe is efficiently absorbed by the restraint to minimize
the impact load transmitted to the restraint support structure (see Section 3C.2.3.2 for details
pertaining to the method of analysis applied to the restraint, including the impact energy criteria
and the limiting strain criteria).

Main steam line restraints B, C, D, and E consist of a restraint base, an arch, a honeycomb
panel, and four long studs that fasten the restraint base to the intermediate (or attachment)
structure.

By deformation in the plastic range, the studs serve as the primary energy absorption
mechanism for a ruptured pipe impacting the restraint in the radially outward or tangential
directions, while the honeycomb panel is the primary energy absorption mechanism for pipe
impact loads in the radially inward directions.

Restraint F consists of steel straps installed over the safety valve manifold. The straps are
designed to take load in the upward direction only. Energy will be absorbed by elongation of the
straps.

3C.5.1.4 Pipe Whip

Mathematical models of pipe whip for specific pipe runs have been developed where
required.
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3C.5.1.5 Fluid Jet Effects - Main Steam Valve House

For each postulated rupture within the main steam valve house, the jet impingement
loadings on the walls, valves, and piping important to safety have been calculated. The
time-history results of the jet force from pipe breaks in the main steam lines have been calculated
and are shown in Figure 3C-13.

The initial jet force was calculated as:

where:

K = thrust coefficient = 1.0

P = hot standby pressure = 1005 psig

A = flow area = 706.9 in2

F = 710 kips

Due to the frictional effects and flow restrictions, the steady-state thrust coefficient is less
than unity for this particular system. However, an initial thrust coefficient of 1.0 was applied to
obtain a conservative jet force.

For the longitudinal breaks, the break size was taken as 64 × 11 inches with the jet diverging
at a 20-degree solid angle. For circumferential break, it is assumed that the jet will impinge
mainly on the adjacent section of pipe or manifold, which will be held in line within a few inches
with the pipe axis by the whip restraints. For the postulated breaks, the impingement areas and jet
pressures are listed in Table 3C-5.

Local damage to the walls and floors was checked. Calculations indicate that walls, floors,
and roof are capable of withstanding the jet impingement loads without failure.

For the postulated main steam line breaks, jet impingement loads on the valves important to
safety within the main steam valve house were calculated. The calculations indicate that the
valves do not lose their ability to function.

The maximum impingement loadings on the valves are given by:

where:

C = shape factor (0.6 for flow around a cylindrical valve)

F K P× A×=

F C P× A cos2α×
1000

----------------------------------------=
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P = initial jet pressure at the target (psig)

A = impingement area (in2)

α = jet incident angle

The impingement pressures and normal forces on each valve are listed in Table 3C-6. It
should be noted that these loads drop instantaneously to a fraction of their initial levels (see
Figure 3C-13). Valves not listed in Table 3C-6 are either not important to safety, not in the path of
the steam jet, or protected by a barrier or impingement shield.

An evaluation has been performed on the effects of jet impingement on piping within the
valve house. Since a pipe is not damaged by impact from another whipping pipe of equal size and
schedule, it follows that it will not be damaged by jet impingement from pipe of equal size and
schedule. Therefore, impingement from one main steam line will not damage another main steam
line, nor will impingement from a feedwater line damage a main steam or an adjacent feedwater
line. However, in the case of a longitudinal rupture in the main steam riser at point 151, the jet
could impinge on a variety of targets. A shield at the source is provided to direct the jet away from
equipment important to safety. The general design of this shield is shown in Figure 3C-14.

3C.5.1.6 Pressure and Environment

3C.5.1.6.1 Turbine Building

The environmental impact on the adjacent EQ rooms resulting from the worst case turbine
building high energy line break (HELB) have been determined. The temperatures into these
rooms were calculated as a function of a breach size into these EQ barriers. These rooms include
the control room envelope and the emergency diesel generator rooms. The size of these breaches
into the above rooms is limited based on the average internal room temperature of 120°F (see
Section 9.4.1).

3C.5.1.6.2 Main Steam Valve House

The pressure and temperature transients for the main steam valve house were calculated
using the computer program CUPAT discussed in Section 3C.2.3.5.

The main steam valve house has been designed with 625 ft2 of vent area. This vent area was
selected by design study to produce the maximum free passage area while maintaining structural
strength and providing for missile shield requirements. The vent area is based on postulated
double-ended rupture of a main steam line (32-inch o.d. with 1-inch wall thickness).

If a double-ended rupture of a 32-inch main steam line occurs in the main steam valve
house, at any of the postulated break points, the effluent from one end of the break will be zero
because of the immediate closure of the main steam nonreturn valve (NRV-MS-101A, B, or C).
Flow from the other end of the break will be limited by the Venturi flowmeter (within the
containment), which has a 16-inch inside diameter. The effective break area is therefore 1.4 ft2.
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For this accident, the pressure difference across the wall of the main steam valve house is
calculated using frictionless Moody flow limited by the cross-sectional area of the Venturi
flowmeter. Figure 3C-15, which shows transient pressure differences for vent areas of 200, 350,
and 500 ft2, indicates relatively low pressure buildup because backflow to the break from the two
unaffected steam generators is effectively prevented by the nonreturn valve. A plot of peak
pressure differential versus the 625 ft2 of vent area provided is shown in Figure 3C-16. The
maximum pressure differential at this vent area is 0.32 psi.

The pressure transients shown in Figures 3C-15, 3C-17, and 3C-18 were calculated as
described in Section 3C.2.3.5, and the peak differential pressures corresponding to 625 ft2 of vent
area were used to recheck the structural adequacy of the main steam valve house for each case.

For the cases shown in Figures 3C-17 and 3C-18, the main steam trip valves and the main
steam nonreturn valve are assumed open. In the case of Figure 3C-15, the trip valve is assumed
open and the nonreturn valve is assumed closed.

In the above analysis, credit was taken for the nonreturn valve closing for the following
reasons:

1. As described in Section 3C.5.1.5, jet impingement will not impair the performance of the
valve.

2. There are no instrumentation or electrical components required for operation of the valve.
The nonreturn valves require only reverse steam flow for their operation.

3. In the worst case, where blowdown is the greatest following the postulated steam-line break,
the unit is at the hot standby condition. Blowdown is greatest for this case since the
steam-line pressures are at a maximum. At this condition there is little or no steam flow to
hold the disk in the open position; therefore, the valve is performing its required function
even before the postulated failure. In all cases, when the system pressure is high with respect
to the pressure at 100% power, the flow rates are low and the valve is in a nearly closed
position before the postulated incident occurs. Therefore, failure of the nonreturn valve is
considered an incredible incident.

Should a single failure of the nonreturn valve be assumed in conjunction with a 32-inch
steam-line double-ended rupture, flow to the break will come from the steam generator associated
with the broken line and also from the remaining two steam generators, until isolation valves
close. Flow from the other two steam generators will encounter significant resistance through
piping and fittings leading to the break. When this friction is considered and a single failure of the
nonreturn valve is considered, the pressure transients shown in Figure 3C-17 result. Flow from the
steam generator associated with the break is sonic at the Venturi flowmeter, but flow from the
other two steam generators is sonic at the break. Peak pressure values for this condition are shown
on Figure 3C-16. A value of 1.1 psi has been calculated for the 625 ft2 of vent area provided.
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If the nonreturn valve is considered to fail and pipe friction in all lines is not considered, the
pressure transients are as shown in Figure 3C-18. Flow is sonic in the Venturi flow nozzles of all
three steam generators. For this case, the resulting peak pressure shown in Figure 3C-16 is 1.5 psi.
The temperature transient for this case is shown in Figure 3C-19.

Instruments associated with the operation of the main steam trip valves and atmospheric
dump valves are located in the adjacent quench spray pump house, which is not subject to the
effects of a pipe break in the main steam valve house. The valve operators themselves are not
subject to pipe whip effects and have been found satisfactory for the environmental conditions of
the main steam valve house following a pipe break. The compressed-air lines associated with
these valves are routed to protect them from pipe whip effects.

The solenoid-operated pneumatic pilot valves for the main steam trip valves, and the
pneumatic converter (transducer) and pressure transmitters for the atmospheric dump valves, are
located in the quench spray pump house; thus, the instrumentation for these valves is not
subjected to the effects of a pipe break in the main steam valve house.

Due to the fast-acting design (5-second closure time) of the main steam trip valves and the
absence of any electrical components located in the main steam valve house that are required to
operate for closing the valves, valve operation is independent of the overall environmental
conditions in the main steam valve house following a postulated pipe break.

Valves of similar design to the atmospheric dump valves have been tested by the valve
manufacturer in the following environment:

1 hour - 320°F and 90 psig saturated steam

12 hours - 290°F and 56 psig saturated steam

The valves operated satisfactorily during and after the test. These tests demonstrate the
suitability for operation in a steam environment of the atmospheric dump valves when compared
with the environmental conditions that exist in the main steam valve house following a postulated
break.

To ensure the ability to safely shut down the plant following a postulated pipe rupture in the
main steam valve house, the pneumatic system for providing control air to the atmospheric dump
valves has been designed and arranged so that the air system will remain integral following all
postulated pipe breaks within the main steam valve house. This design precludes the necessity of
entrance by operating personnel into the main steam valve house following a postulated break for
the purpose of controlling plant shutdown.
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3C.5.1.7 Structural Analysis

3C.5.1.7.1 General

A discussion of the methods of evaluating stress, the structural loading combinations, and
the allowable design stress is contained in Section 3C.2.5.

3C.5.1.7.2 Main Steam Valve House

3C.5.1.7.2.1 Physical Description. Sketches of the main steam valve house are shown on
Reference Drawings 43, 44, 45, and 46. Modification of some portions of the valve house
configuration and details were required to safely sustain pipe failure loads.

Main steam and feedwater lines are restrained from whipping as shown on Figure 3C-12.
Pipe whip restraints are supported from interior structural steel framing. Reactions from these
restraints are transmitted by this framing to the exterior reinforced-concrete walls, and to the
reinforced-concrete mat foundation. Modification of the interior structural steel framing consists
of the addition of structural steel trusses, in the planes of the restraint reactions, spanning to the
exterior reinforced-concrete walls. Additionally, continuous structural steel members are
embedded around the periphery of the exterior walls, on the inside face, to support truss
connections and reduce local stress concentrations in the concrete.

Main steam and feedwater pipe failure jet forces will impinge on the inside face of the
reinforced-concrete roof, exterior walls, and ground-grade floor slab of the valve house.
Modifications of the reinforced-concrete consist of thickening these sections to prevent punch
shear failure, and the placement of additional reinforcing steel, beyond that required for tornado
missile protection, to prevent flexural failure.

Pressurization intensity due to a main steam line pipe failure has been minimized by
providing additional vent area. Modifications of the valve house to minimize pressurization
consist of raising the roof elevation approximately 10 feet and extending its horizontal dimensions
to create an overhang, with tornado-missile-protected openings on the west, east, and north sides.
Additionally, the net overturning force resulting from internal pressurization is effectively
eliminated by modifying the structure to include a fourth reinforced-concrete wall along its south
side, adjacent to the containment.

The steam environment during and after a main steam pipe failure will be confined to the
above-grade portion of the valve house. Modifications to achieve this include those previously
discussed to sustain jet impingement forces, and revision of the ground-grade door configuration
to eliminate egress to the adjacent quench spray pump house.

The main steam valve house ground-grade floor slab is capable of supporting the weight of
water associated with a feedwater line pipe failure. Additionally, the ground-grade door, with
direct egress to the outside, permits water runoff.
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The Unit 1 main steam valve house is founded on concrete backfill capable of supporting
increased design bearing pressures due to pipe failure loads within the normal allowable stress.
The Unit 2 main steam valve house is founded on compacted granular backfill. It was necessary to
increase the effective bearing area to maintain design bearing pressures within the normal
allowable stress. Modifications to accomplish this consist of extending the reinforced-concrete
foundation mat approximately 20 feet to the north and tying it back to the existing north wall with
below-grade reinforced-concrete counterforts.

3C.5.1.7.2.2 Structural Design Loads. Dead loads, D, include the weights of the reinforced
concrete, structural steel, and equipment. Also included are the effects of earth and hydrostatic
pressures, and ice or snow loads, if any. The total dead load, including that of the adjacent quench
spray pump housing, which is founded on the same reinforced-concrete mat, is approximately
9000 kips.

Live loads, L, during the pipe rupture event are neglected, since they would consist of loads
associated with occupancy, and the main steam valve house and the quench spray pump house
will usually be unoccupied during normal operating conditions.

Thermal loads, To and Ta, are not included, since temperature gradients across the
reinforced-concrete superstructure are not large for either normal operating or pipe break
conditions.

The pressure transient generated by the postulated pipe break event is shown in
Figures 3C-15, 3C-17, and 3C-18. Pressure loads, Pa, after the pipe break event result from
pressurization of the valve house in accordance with these transients.

Static pipe reactions, Ro, during normal operation are treated as pipe hanger dead loads for
pipes unaffected by the postulated break. In pipes experiencing the postulated break, it is
conservatively assumed that Ra is zero, since normal pipe hangers are not designed for dynamic
loads.

An example of a typical dynamic pipe load reaction Yr is shown in Figure 3C-20 in terms of
its reaction on the pipe whip restraint, the structural steel supporting the restraint, and the
reinforced-concrete superstructure, all as a function of time. This time history assumes that the
reinforced concrete is rigid, and models a typical pipe whip restraint and supporting structural
steel.

Dynamic pipe load Yj is discussed in Section 3C.2.5.

Dynamic pipe load Ym is nonexistent due to the pipe whip restraints employed in the main
steam valve house.

3C.5.1.7.2.3 Effect on Adjacent Structures. The main steam valve house is immediately
adjacent to the containment structure and the auxiliary building, and has a common
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reinforced-concrete wall separating it from the quench spray pump house. The design of the main
steam valve house is such that it will not fail when subjected to the specified load combinations of
Section 3C.2.5.4. Therefore, the structural performance of the main steam valve house during the
postulated pipe break will have no effect on adjacent structures.

3C.5.1.8 Conclusions for Main Steam Line Rupture Analysis

The main steam lines outside the containment are shown on Reference Drawing 38.

3C.5.1.8.1 Main Steam Valve House

The lower left corner of Reference Drawing 38 show the cutaway view of the redesigned
main steam valve houses as seen from the containments. Analyses have resulted in the following
conclusions:

1. Pipe whip restraints and jet impingement shields are required to limit the consequences of
postulated pipe breaks within the main steam valve house.

2. Redesign of the main steam valve house was required to accommodate the restraint loads and
to limit the environmental effects of the postulated breaks.

3. Relocation of the auxiliary feedwater pumps and their associated instrumentation and
controls to a newly designed separate Seismic Class I missile-protected structure was
necessary.

The following discussion of auxiliary feedwater equipment locations is based on Unit 2
design and drawings. The equipment locations are similar on Unit 1.

The auxiliary feedwater discharge line check valves are indicated on Reference Drawing 47.
These valves are indicated as VCW-60A check valves on lines WAPD-427, 428, and 429, and are
immediately adjacent to the 16-inch main feed lines WFPD-424, 423, and 422. These valves are
located in the main steam valve house. The normally closed auxiliary feedwater turbine steam
supply air-operated isolation valves TV-MS-211A and B are also located in the main steam valve
house and are shown on Reference Drawing 47.

Because of the placement of the steam supply isolation valve behind a barrier, as indicated
on Reference Drawing 47, the steam supply to the auxiliary feedwater system is not subjected to
any adverse environmental effects from a line break within the main steam valve house. Analysis
indicates that the auxiliary feedwater line check valves are not subjected to adverse environmental
effects. Proper operation of the auxiliary feedwater system is ensured by the above, and by
electrical and control design criteria described in Section 3C.2.6.

3C.5.1.8.2 Service Building

An augmented inservice inspection program, as described in Section 3C.2.7, provides
assurance of line integrity during the life of the facility. In addition, the main steam and feedwater
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piping in the mechanical equipment rooms is included in the Secondary Piping and Component
Inspection Program. Also, operators inspect these lines for leakage on a daily basis.

3C.5.1.8.3 Turbine Building

Analysis has shown that no design changes were required for postulated breaks in main
steam lines within the turbine building.

3C.5.2 Feedwater

3C.5.2.1 Break Locations

Reference Drawing 39 shows the main feedwater lines. Break locations were postulated in
the feedwater lines from the feedwater pumps in the turbine room to the containment in
accordance with Section 3C.2.2. For the feedwater lines, 0.8 of the allowable thermal stress is
18,000 psi and 0.8 of the allowable combined stress is 30,000 psi. For each line considered, none
of the calculated thermal or combined stresses exceeded 0.8 of their respective allowables. Piping
upstream of the manifold was not analyzed seismically, so that intermediate points were selected
on the basis of maximum thermal stress. At all break points, both circumferential and longitudinal
ruptures were considered. Cracks were considered in the vicinity of all identified “targets.”

The break points are listed in Table 3C-7. The break locations are shown on Reference
Drawing 52.

3C.5.2.2 Separation

3C.5.2.2.1 Main Steam Valve House

The same degree of separation provided between equipment important to safety and
postulated steam-line breaks exists for the postulated feedwater line breaks.

3C.5.2.2.2 Service Building

An augmented inservice inspection program, as described in Section 3C.2.7, will ensure
line integrity during the life of the facility. In addition, the main steam and feedwater piping in the
mechanical equipment rooms is included in the Secondary Piping and Component Inspection
Program. Also, operators inspect these lines for leakage on a daily basis.

3C.5.2.2.3 Turbine Building

The feedwater lines in the turbine building were analyzed and satisfactory separation was
found to exist between the feedwater lines and any structures, systems, or components important
to safety.
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3C.5.2.3 Restrained Pipes - Main Steam Valve House

To prevent pipe whip within the main steam valve house, it has been necessary to provide
feedwater restraint as shown in Figure 3C-12. Restraint H prevents whipping of the feedwater line
in the event of a rupture at the containment terminal point 1, with the containment wall restraining
the free end in the direction normal to the pipe axis. This restraint is typical for all three feedwater
lines within the main steam valve house.

The feedwater line restraint consists only of a base structure and a honeycomb panel. An
arch will not be necessary since postulated pipe rupture locations for the feedwater lines are
located so that the rupture pipe travels only in the radial inward direction relative to the restraint;
therefore, only a honeycomb panel is necessary for absorbing pipe impact energy.

3C.5.2.4 Pipe Whip

Math models of pipe whip for specific pipe runs have been developed where required.

3C.5.2.5 Fluid Jet Effects - Main Steam Valve House

The feedwater line failure postulated in the main steam valve house is located at the
containment penetration. The jet results in no direct impingement on equipment important to
safety in the main steam valve house.

3C.5.2.6 Pressure and Environment

3C.5.2.6.1 Main Steam Valve House

The redesigned main steam valve house will withstand the pressure and temperature
buildup from a postulated feedwater line break. Environmental effects, with the exception of
flooding, are similar to the main steam line break but less severe.

Flooding has been limited to the main steam valve house by the sealing of all floor and wall
penetrations. The water will drain outdoors through a newly designed doorway isolated from the
adjacent quench spray pump house.

3C.5.2.6.2 Turbine Building

A feedwater line break within the turbine building cannot cause flooding of any structures
important to safety.

3C.5.2.7 Structural Analysis - Main Steam Valve House

See Section 3C.5.1.8.1 for a discussion of the ability of the main steam valve house to
withstand the effects of a feedwater break.
 



Revision 43—09/27/07 NAPS UFSAR 3C-36
3C.5.2.8 Conclusions for Feedwater Rupture Analysis

The feedwater lines run adjacent to the main steam lines as shown in Reference
Drawing 38.

3C.5.2.8.1 Main Steam Valve House

The conclusions reached in Section 3C.5.1.8.1 for main steam lines are also applicable for
the feedwater lines.

3C.5.2.8.2 Service Building

An augmented inservice inspection program, as described in Section 3C.2.7 ensures line
integrity during the life of the facility. In addition, the main steam and feedwater piping in the
mechanical equipment rooms is included in the Secondary Piping and Component Inspection
Program. Also, operators inspect these lines for leakage on a daily basis.

3C.5.2.8.3 Turbine Building

Analysis has shown that no design changes were required for postulated breaks in feedwater
lines within the turbine building.

3C.5.3 Miscellaneous Systems - Turbine Building

High-energy lines of the following systems within the turbine building have been analyzed:

• Auxiliary steam

• Condensate

• Extraction steam

• High-pressure drains and vents

• Sample system

Satisfactory separation exists between all high-energy lines and any structures, equipment,
etc., important to safety. The blowdown and condensate system lines added by the upgrades to the
high-capacity blowdown system are, by inspection, bounded by the existing analysis.
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3C.5.4 Miscellaneous Systems - Auxiliary Building

3C.5.4.1 Break Locations

Lines capable of pipe whip within the auxiliary building are:

These lines are shown in Reference Drawings 12, 15, 27, and 28. Postulated break locations
were selected in accordance with Section 3C.2.2 and are shown on Figures 3C-21 and 3C-22.
Temperature and pressure conditions for these lines are given in Table 3C-2.

3C.5.4.2 Separation

With the modifications outlined herein, adequate separation exists between high-energy
lines within the auxiliary building and equipment important to safety. In addition to the provisions
outlined in later sections, it was necessary to relocate the safety actuation containment pressure
detectors.

3C.5.4.3 Restrained Lines

Analysis indicates that a number of restraints are required within the auxiliary building. A
description of the restraints required is given in Table 3C-8, and their locations are shown on
Figures 3C-21 and 3C-22.

3C.5.4.4 Pipe Whip

Mathematical models of pipe whip for specific pipe runs have been developed where
required.

3C.5.4.5 Fluid Jet Effects

Breaks in lines with pressures greater than 275 psig and temperatures greater than 200°F
have been analyzed for the effects of their jet impingement on safety-related equipment. Other
environmental breaks have been studied for potential damage caused by their sprays.

Potential jet impingement targets have been determined, and the shield locations determined
by visual inspection upon completion of piping installation.

3"-WGCB-14-601-Q2 3"-WGCB-22-601 3"-WGCB-420-601

3"-WGCB-15-601-Q2 2"-CH-6-602-Q2 3"-WGCB-421-601

3"-WGCB-16-601-Q2 3"-WGCB-414-601-Q2 3"-WGCB-422-601

3"-WGCB-20-601 3"-WGCB-415-601-Q2 2"-CH-943-602-Q2

3"-WGCB-21-601 3"-WGCB-416-601-Q2

2"-CH-264-602-Q2 2"-CH-664-602-Q2
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The susceptibility of safety-related valves to water damage has been determined, and
protective shields installed to protect valves where required.

3C.5.4.6 Pressure and Environment

3C.5.4.6.1 Pressure Effects

Pressure increases due to postulated breaks and cracks within the auxiliary building were
found to be negligible.

3C.5.4.6.2 Temperature Effects

Postulated pipe breaks or cracks may result in high ambient temperatures within the
auxiliary building; therefore, temperature sensors are provided in various areas of the auxiliary
building to provide individual temperature indication and an alarm in the main control room to
alert the operators to a potential problem. The column locations of the temperature sensors are
shown on Reference Drawings 53 and 54, which can be compared to the physical arrangements
on Reference Drawings 4 through 7.

The following lines are the only potential sources of high-temperature conditions in the
auxiliary building:

• Steam generator blowdown lines

• Auxiliary steam lines

• CVCS letdown lines

• CVCS charging lines

The temperature indicators in the main control room will enable the operator(s) to
determine the approximate location of the break and therefore the most probable source of that
break. Automatic isolation of the steam generator blowdown lines is accomplished within
30 seconds in the event of a piping break. Also, manual isolation associated with other breaks or
cracks must be made within 30 minutes to meet the environmental qualification requirements of
certain Class 1E components in the Auxiliary Building.

3C.5.4.6.2.1 Steam Generator Blowdown Lines. The following modifications were made to
cope with a break in a steam generator blowdown line.

An excess-flow measuring device and two trip valves were installed inside the containment
to mitigate the consequences of a line break. If the blowdown flow exceeds a predetermined
value, the trip valves in that line will automatically close. No manual action will be required.
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3C.5.4.6.2.2 Auxiliary Steam Lines. The pressure conditions within the auxiliary steam system
are such that only the environmental effects of cracks are considered. Protection from the effects
of such cracks have been provided for by:

1. The addition of the temperature sensors, etc., described previously.

2. The addition of double isolation valves, operable from the main control room.

3C.5.4.6.2.3 Chemical and Volume Control System. Protection from the effects of a break in a
chemical volume control system have been provided by:

1. The addition of temperature sensors in various parts of the auxiliary building as previously
described.

2. The use of existing instrumentation and valving to detect and isolate the break.

3C.5.4.6.3 Flooding Effects

Flooding within the auxiliary building has been investigated to demonstrate that essential
equipment is not endangered by water from any postulated pipe break.

A system of floor drains within the auxiliary building will direct the water from a break to
the auxiliary building sump, located within the floor of the 244 ft. 6 in. elevation. High water level
within the sump will initiate an alarm in the control room. For breaks that exceed the 900 gallons
capacity of the sump, the water will run out onto the 244 ft. 6 in. level. The large floor area of the
auxiliary building at this elevation requires approximately 8800 gallons of water to attain a water
level of 1 inch above the floor. The minimum height above floor level of equipment essential to
safety was found to be 15 inches. Therefore, the water required to reach this height would be
approximately 132,000 gallons.

The sump alarm, combined with visual inspection, will initiate detection and isolation of the
water source in time to ensure safety, considering the large amount of water required to cause
damage.

3C.5.4.7 Structural Analysis

The overall structural stability of the auxiliary building is not impaired by any potential pipe
breaks.

3C.5.4.8 Conclusions for Auxiliary Building Line Rupture Analysis

With the modifications described in the preceding sections made to the auxiliary building,
combined with the originally designed redundant features, safe plant shutdown is ensured for all
postulated failures of high-energy piping.
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3C.5.4.9 Rupture of Refueling Water Storage Tank

Should a major rupture of the refueling water storage tank occur, assuming in the worst case
that the flow is directed toward the corner of the auxiliary feedwater pump house on the door side
and the tank water level is at the maximum allowed, no significant leakage into the pump house
would occur. Refer to Reference Drawing 40. Personnel doors and other openings are shielded
and/or elevated well above ground level.

Any minor leakage caused by backup of the water toward the doors would collect in the
trenches inside the pump house and subsequently drain to the storm sewer. Prolonged leakage past
the door is not expected because of the rapid water runoff in the area.

The elevation at the top of the tank foundation is 271 ft. 6 in., and the area immediately
surrounding the tank foundation is 271 ft. 0 in. The bases of the auxiliary feedwater pumps are at
an elevation of 272 ft. 0 in.

Even if a massive leak into either the room containing the motor-driven pumps or the room
containing the turbine-driven pump is postulated, the other room will be unaffected, as the rooms
are physically isolated by a concrete missile-protection wall with all penetrations sealed.

For these reasons, flooding of the auxiliary feedwater pump house is not credible and,
therefore, the rupture of the refueling water storage tank would have no effect on the capability for
a safe shutdown of the plant.

The layouts for the auxiliary feedwater pump house and system are provided on Reference
Drawings 40 through 50. The auxiliary feedwater system was designed so that there are no
high-energy lines in the system; therefore, no separation criteria were required. There is, however,
a concrete wall separating the two motor-driven auxiliary feedwater pumps from the
turbine-driven auxiliary feedwater pump. This concrete wall is part of the auxiliary feedwater
pump house, a tornado-missile-protected structure.

The pumps are protected from leakage from components inside the rooms by trenches
connected to the storm sewer.

The auxiliary feedwater pump turbine steam supply lines run from the main steam valve
house through a pipe tunnel to the auxiliary feedwater pump house. All these structures are
seismic and tornado missile protected.

3C.6 CONCLUSIONS

It has been shown that North Anna Units 1 and 2 are designed so that the reactor can be shut
down and maintained in a safe-shutdown condition in the event of a postulated rupture, outside
the containment, of a pipe containing a high-energy fluid, including the double-ended rupture of
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the largest pipe in the main steam and feedwater systems. Plant structures, systems, and
components important to safety have been designed and located to accommodate the effects of
such postulated pipe failures to the extent necessary to ensure that a safe-shutdown condition of
the reactor can be accomplished and maintained.
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3C REFERENCE DRAWINGS

The list of Station Drawings below is provided for information only. The referenced drawings are 
not part of the UFSAR. This is not intended to be a complete listing of all Station Drawings 
referenced from this section of the UFSAR. The contents of Station Drawings are controlled by 
station procedure.

Drawing Number Description

1. 11715-FM-11A Arrangement: Service Building, Safety Related Equipment, 
Sheet 1

2. 11715-FM-11B Arrangement: Service Building, Safety Related Equipment, 
Sheet 2

3. 11715-FM-11C Arrangement: Service Building, Safety Related Equipment, 
Sheet 3

4. 11715-FM-7A Arrangement: Auxiliary Building, Safety Related Equipment, 
Plan, Elevation 244'- 6"

5. 11715-FM-7B Arrangement: Auxiliary Building, Safety Related Equipment, 
Plan, Elevation 259'- 6"

6. 11715-FM-7C Arrangement: Auxiliary Building, Safety Related Equipment, 
Plan, Elevation 274'- 0"

7. 11715-FM-7D Arrangement: Auxiliary Building, Safety Related Equipment, 
Plan, Elevation 291'- 10"

8. 11715-FM-7E Arrangement: Auxiliary Building, Safety Related Equipment, 
Sections 1-1 & 2-2

9. 11715-FM-7F Arrangement: Auxiliary Building; Safety Related Equipment; 
Sections 3-3, 4-4, & 5-5

10. 11715-FM-7G Arrangement: Auxiliary Building, Safety Related Equipment, 
Sections 6-6 & 7-7

11. 11715-FP-81A Piping Assembly: Tunnel #1, Reactor Containment to 
Auxiliary Building, Sheet 1, High Energy Lines

12. 11715-FP-81B Piping Assembly: Tunnel #1, Reactor Containment to 
Auxiliary Building, Sheet 2, High Energy Lines

13. 11715-FP-81C Piping Assembly: Tunnel #1, Reactor Containment to 
Auxiliary Building, Sheet 3, High Energy Lines

14. 11715-FP-82A Piping Assembly: Tunnel #2, Reactor Containment to 
Auxiliary Building, Sheet 1, High Energy Lines
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15. 11715-FP-82B Piping Assembly: Tunnel #2, Reactor Containment to 
Auxiliary Building, Sheet 2, High Energy Lines

16. 11715-FP-82C Piping Assembly: Tunnel #2, Reactor Containment to 
Auxiliary Building, Sheet 3, High Energy Lines

17. 11715-FP-83A Composite Assembly: Auxiliary Building Elevation 259'- 6", 
Sheet 1, High Energy Lines

18. 11715-FP-83B Composite Assembly: Auxiliary Building Elevation 259'- 6", 
Sheet 2, High Energy Lines

19. 11715-FP-83C Composite Assembly: Auxiliary Building Elevation 259'- 6", 
Sheet 3, High Energy Lines

20. 11715-FP-83D Composite Assembly: Auxiliary Building Elevation 259'- 6" 
& Section 17-17, Sheet 4, High Energy Lines

21. 11715-FP-83E Composite Assembly: Auxiliary Building Elevation 259'- 6"; 
Sections 1-1, 2-2, & 3-3; Sheet 5; High Energy Lines

22. 11715-FP-83F Composite Assembly: Auxiliary Building Elevation 259'- 6"; 
Sections 1-1, 4-4, & 15-15; Sheet 6; Energy Lines

23. 11715-FP-83G Composite Assembly: Auxiliary Building Elevation 259'- 6"; 
Sections 5-5, 6-6, & 7-7; Sheet 7; High Energy Lines

24. 11715-FP-83H Composite Assembly: Auxiliary Building Elevation 259'- 6", 
Sections 8-8 & 9-9, Sheet 8, High Energy Lines

25. 11715-FP-83J Composite Assembly: Auxiliary Building Elevation 259'- 6"; 
Sections 10-10 & 11-11; Sheet 9; High Energy Lines

26. 11715-FP-83K Composite Assembly: Auxiliary Building Elevation 259'- 6"; 
Sections 12-12, 13-13, 14-14, & 16-16; Sheet 7; High Energy 
Lines

27. 11715-FP-84A Steam Generator Blowdown System, Auxiliary Building 
Sheet 1, High Energy Lines

28. 11715-FP-84B Steam Generator Blowdown System, Auxiliary Building 
Sheet 2, High Energy Lines

29. 11715-FP-84C Steam Generator Blowdown System, Auxiliary Building 
Sheet 3, High Energy Lines

30. 11715-FP-85A Waste Disposal System, Auxiliary Building Sheet 1, High 
Energy Lines

31. 11715-FP-85B Waste Disposal System, Auxiliary Building Sheet 2, High 
Energy Lines

Drawing Number Description
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32. 11715-FP-85C Waste Disposal System, Auxiliary Building Sheet 3, High 
Energy Lines

33. 11715-FP-85D Waste Disposal System, Auxiliary Building Sheet 4, High 
Energy Lines

34. 11715-FP-85E Waste Disposal System, Auxiliary Building Sheet 5, High 
Energy Lines

35. 11715-FP-85F Waste Disposal System, Auxiliary Building Sheet 6, High 
Energy Lines

36. 11715-FP-1B Main Steam, Reactor Containment to Turbine Room, Sheet 1

12050-FP-1B Main Steam, Reactor Containment to Turbine Room, Sheet 1

37. 11715-FP-1C Main Steam, Reactor Containment to Turbine Room, Sheet 2

12050-FP-1C Main Steam, Reactor Containment to Turbine Room, Sheet 2

38. 11715-FP-76A Main Steam, Feedwater Pipe Rupture Analysis

12050-FP-76A Main Steam, Feedwater Pipe Rupture Analysis, Unit 2

39. 11715-FP-2C Steam Generator, Feedwater Lines, Reactor Containment to 
Turbine Room, Sheet 1

12050-FP-2B Steam Generator Feedwater Lines, Reactor Containment to 
Turbine Room, Sheet 1

40. 11715-FC-12A Foundation Plan and Details; Refueling Water, Condensate 
Storage Tanks & Misc. Equipment, Sheet 1

41. 11715-FP-2J Steam Generator, Auxiliary Feedwater Lines, Sheet 1

12050-FP-2J Steam Generator, Auxiliary Feedwater Lines, Sheet 1, Unit 2

42. 11715-FP-2K Steam Generator, Auxiliary Feedwater Lines, Sheet 2

12050-FP-2K Steam Generator, Auxiliary Feedwater Lines, Sheet 2, Unit 2

43. 11715-FM-1A Machine Location: Reactor Containment, Plan, 
Elevation 291'- 10", Unit 1

12050-FM-1A Machine Location: Reactor Containment, Plan, 
Elevation 291'- 10", Unit 2

44. 11715-FM-1B Machine Location: Reactor Containment, Plan, 
Elevation 262'- 10", Unit 1

12050-FM-1B Machine Location: Reactor Containment, Plan, 
Elevation 262'- 10", Unit 2

Drawing Number Description
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45. 11715-FM-1C Machine Location: Reactor Containment, Plan, 
Elevation 241'- 0", Unit 1

12050-FM-1C Machine Location: Reactor Containment, Plan, 
Elevation 241'- 0", Unit 2

46. 11715-FM-1E Machine Location: Reactor Containment, Sections 1-1 & 5-5, 
Unit 1

12050-FM-1F Machine Location: Reactor Containment; Sections 2-2, 5-5, 
& 6-6; Unit 2

47. 11715-FP-7C Yard Piping, North Reactor Containment, Sheet 3

12050-FP-7C Yard Piping, North Reactor Containment, Sheet 3

48. 11715-FP-7A Yard Piping, North Reactor Containment, Sheet 1

12050-FP-7A Yard Piping, North Reactor Containment, Sheet 1

49. 11715-FP-7B Yard Piping, North Reactor Containment, Sheet 2

12050-FP-7B Yard Piping, North Reactor Containment, Sheet 2

50. 11715-FP-7D Yard Piping, North Reactor Containment, Sheet 4

12050-FP-7D Yard Piping, North Reactor Containment, Sheet 4

51. 11715-WMKS-0101A-4 Inservice Inspection Isometric SHP SYS: 28" & 32" Main 
Steam from Containment, Unit 1

12050-WMKS-0101A-4 Inservice Inspection Isometric SHP SYS: 28" & 32" Main 
Steam from Containment, Unit 2

52. 11715-WMKS-0102D Inservice Inspection Isometric WFPD SYS: 16" & 6" 
Feedwater from Containment, Unit 1

12050-WMKS-0102D Inservice Inspection Isometric WFPD SYS: 16" & 6" 
Feedwater from Containment, Unit 2

53. 11715-AM-001 Auxiliary Building Ambient Air Temperature Indication and 
Alarm, Channel I

54. 11715-AM-002 Auxiliary Building Ambient Air Temperature Indication and 
Alarm, Channel III

Drawing Number Description
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Table 3C-4
BREAK LOCATIONS - MAIN STEAM

Line Descriptions Break Points Location
Augmented Inspection 
WMKS Drawing

Weld 
Number

32"-SHP-1 267 MSVH

32"-SHP-57 336 SB 11715-WMKS-101A-4 SW-20

343 TB 11715-WMKS-101A-4 SW-10

32"-SHP-2 40 MSVH

32"-SHP-59 201 SB 11715-WMKS-101A-4 SW-24

209 TB 11715-WMKS-101A-4 SW-11

32"-SHP-3 150 MSVH

32"-SHP-58 105 SB 11715-WMKS-101A-4 SW-21

116 TB 11715-WMKS-101A-4 SW-12

32"-SHP-22 268 MSVH

461B MSVH

32"-SHP-23 151 MSVH

461A MSVH

32"-SHP-24 41 MSVH

461C MSVH

28"-SHP-5 360 TB

370 TB

383 TB

28"-SHP-6 220 TB

240 TB

253 TB

28"-SHP-7 120 TB

131 TB

144 TB

28"-SHP-8 1 TB

10 TB

25 TB
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Table 3C-4 (continued)
BREAK LOCATIONS - MAIN STEAM

Line Designation Break Points Location
Augmented Inspection 
WMKS Drawing

Weld 
Number

32"-SHP-403 267 MSVH

32"-SHP-459 336 SB 12050-WMKS-101A-4 SW-53

343 TB 12050-WMKS-101A-4 SW-5

32"-SHP-402 40 MSVH

32"-SHP-458 201 SB 12050-WMKS-101A-4 SW-55

209 TB 12050-WMKS-101A-4 SW-7

32"-SHP-401 150 MSVH

32"-SHP-457 105 SB 12050-WMKS-101A-4 SW-55

116 TB 12050-WMKS-101A-4 SW-8

32"-SHP-424 268 MSVH

461B MSVH

32"-SHP-423 151 MSVH

461A MSVH

32"-SHP-422 41 MSVH

461C MSVH

28"-SHP-405 360 TB

370 TB

383 TB

28"-SHP-406 220 TB

240 TB

253 TB

28"-SHP-407 120 TB

131 TB

144 TB

28"-SHP-408 1 TB

10 TB

25 TB
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Table 3C-5
Jet Impingement Loads

Main Steam Valve House Structures

Break Location Target
Impingement
Area, ft2

Jet Pressure
psig

461 North wall 125.0 39.7

461, 151 South wall 11.4 441.3

461, 151 East wall 19.6 251.6

461, 151 West wall 40.9 131.0

153 Floor 53.3 92.9

153 Roof 280.0 17.5

Table 3C-6
Jet Impingement Loads

Main Steam Valve House Valves

Break
Location Target

Jet
Pressure
psig

At
Impingement
Area, in.

Incident
Angle

Fv
Normal
Force

461 NRV-MS101A 111.6 4274 0 286

461 NRV-MS101B 71.0 5005 0 213

152 TV-MS101B 119.3 2432 10 168

153 SV-MS101B 34.0 783 66 2.6
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Table 3C-7
BREAK LOCATION - FEEDWATER

Line Designation Break Points Location
Augmented Inspection 
WMKS Drawing

Weld 
Numbers

Unit 1

16"-WFPD-9 120 MSVH

16"-WFPD-8 225 SB 11715-WMKS-102D SW-40

SW-41

16"-WFPD-13 110 MSVH

16"-WFPD-12 325 SB 11715-WMKS-102D SW-37

SW-38

16"-WFPD-17 200 MSVH

16"-WFPD-7 230 SB 11715-WMKS-102D SW-43

SW-44

6"-WFPD-18 582 SB 11715-WMKS-102D SW-42

6"-WFPD-19 551 SB 11715-WMKS-102D 21

473 SB 11715-WMKS-102D SW-53

6"-WFPD-10 282 SB 11715-WMKS-102D SW-43

6"-WFPD-11 251 SB 11715-WMKS-102D 14

178 SB 11715-WMKS-102D SW-61

6"-WFPD-14 882 SB 11715-WMKS-102D SW-44

6"-WFPD-15 851 SB 11715-WMKS-102D 7

763 SB 11715-WMKS-102D SW-44
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Unit 2

16"-WFPD-413 120 MSVH

16"-WFPD-412 225 SB 12050-WMKS-102D SW-131
SW-132

16"-WFPD-417 110 MSVH

16"-WFPD-407 325 SB 12050-WMKS-102D SW-129
SW-130

16"-WFPD-409 200 MSVH

16"-WFPD-408 230 SB 12050-WMKS-102D SW-133
SW-134

6"-WFPD-418 582 SB 12050-WMKS-102D SW-127

6"-WFPD-419 551 SB 12050-WMKS-102D 27

473 SB 12050-WMKS-102D SW-60W

6"-WFPD-414 282 SB 12050-WMKS-102D SW-128

6"-WFPD-415 251 SB 12050-WMKS-102D 16

178 SB 12050-WMKS-102D SW-19

6"-WFPD-410 882 SB 12050-WMKS-102D SW-126

6"-WFPD-411 851 SB 12050-WMKS-102D 5

763 SB 12050-WMKS-102D SW-08

Table 3C-7
BREAK LOCATION - FEEDWATER

Line Designation Break Points Location
Augmented Inspection 
WMKS Drawing

Weld 
Numbers
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Table 3C-8
Whip Restraint Function

Restaint Function Targets

R1 Prevent whip of 2" -CH-6-601-Q2 to the east MOV-1867C
1"-SI-30-1502-Q2

R2 Prevent whip of 3" -WGCB-14-601-Q2 
toward the containment wall

3"-WS-42, 43, 44, 
45-151-Q3

R3 Prevent whip of 3"-WGCB-15-601-Q2 
toward the containment wall

3"-WS-42, 43, 44, 
45-151-Q3

R4 Prevent whip of 2"-CH-406-601-Q2 to the 
west

MOV-2867C
1”-SI-430-1502-Q2

R5 Prevent whip of 3"-WGCB-414-601-Q2 
toward the containment wall

3"-WS-442, 443, 444, 
445-151-Q3

R6 Prevent whip of 3"-WGCB-415-601-Q2 
toward the containment wall

3"-WS-442, 443, 444, 
445-151-Q3
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Figure 3C-2 
ANALYSIS FOR HIGH ENERGY SYSTEMS

PIPE BREAK EVALUATION REPORT
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Figure 3C-3 
BREAK LOCATION POINTS AT BRANCH RUNS
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Figure 3C-4 
PIPE RUPTURE GENERAL CONCEPT
PIPE BREAK EVALUATION REPORT
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Figure 3C-6 
MATHEMATICAL MODEL AND FORCING FUNCTIONS
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Figure 3C-10 
CRACK AND FLAW GEOMETRIES
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Figure 3C-12 
RESTRAINT LOCATIONS MAIN STEAM VALVE HOUSING
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Figure 3C-13 
TIME HISTORY OF JET FORCE F (1)

MAIN STEAM LINE BREAKS
MAIN STEAM LINE VALVE HOUSE
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Figure 3C-14 
MAIN STEAM IMPINGEMENT SHIELD
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Figure 3C-16 
PEAK PRESSURE DIFFERENCE ACROSS WALL OF MAIN STEAM VALVE HOUSE
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Figure 3C-19 
TEMPERATURE TRANSIENT OF MAIN STEAM VALVE HOUSE

ATMOSPHERE DOUBLE ENDED RUPTURE - FRICTIONLESS MOODY FLOW
AND NON-RETURN VALVE FAILED OPEN
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Figure 3C-20 
TYPICAL DYNAMIC ANALYSIS OF MAIN STEAM PIPE WHIP RESISTANT SYSTEM
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Appendix 3D1

Testing of Protective Coatings
Under

Design Basis Accident Conditions

1. Appendix 3D was submitted as Appendix D in the original FSAR.
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INTEROFFICE MEMORANDUM 
A U.0.8b 

SUBJECT TESTING OF P B O T s r n  
KlATIHGS FoEl ESIm 
RUTS ACCLaElJT EZ?VlROIWBT 

To Bolder8 of Technical Report 
F-43586, dated April 1973, 
subject aft above, prepared 

Tho F r d i n  Inatitat9 
Bemarch hhoratorierr (m) 

J.O. OR 
w.0. NO. un5 

DATE Hovmbr 26, 1973 

FROM OJBurrougha 

c c  General File; 
VEPCO ( 9 2 e a +  e n d )  
GVSpirsu(1 es + encl) 
SHPoppsr (1 ea + enclj 
RMBa?lmgarta(1 oa + encl) 
~ ~ ~ y c h ( 3  ea t encl! : cc 

The following documents a m  attachedt 

1, Laboratow Teat  Report dated October 2, 1973, f r o a  Carboline Research 
and Development Laboratory to G. V. Spirer, Testing Project SR36A. 

2, Interoffice M3morandtm &tad October 10, 1973, froa G. V. Spires to 
0. J. Burroqhs, subject: Report On Baeia fo r  Besolution of  N.A. lln5 
lokD No, 1080. (Liner Primer Overthichess). 

Tbis memoranchu and these documents constitute Addendum 1 t o  FIRL Techdcal 
Report F434.86 and u h d d  be permanently attached on the ineide of t b o  
aover. 

On Harcb 27, 1973, Nonconformity and Diaposition Report U725.00, No, 1080, 
YBB issued to document containment l iner  primer thickness in excesB of the 
2.0 t o  5.0 n i l  range permitted by t h e  Specification for Shop Fcbrication and 
Field Erection of Hesotor C o n t a h e n t  S tee l  Plate &er, US-W, revised 
June 8, 1970. 
containment coating systems, had not included panels t o  determine the e f f e c t  
of l iner  primer overthicknoss, additional tes t ing YBB performod. 
results of these t e n t s  m e  hc ludsd  as Attachment 1. An evaluation of 
the varioua tendmica1 aspects of the overthichesc problem, and the results 
of the additional testing, is  included as Attachment 2, 
provided the baeis fo r  the "accept as ie;" dispoafti.cn which was essigned to 
bl%D 11715.00, No, 1080, on NovcnSor 26, 1973. 

Since the test progrm, conducted by FIBL t o  qualify the 

The 

This evaluation 

&&U+J!d 

0. J, Btrrroughs 
Project Enghe6r 



Testing Project: 

Subject: 

Reference: 

Purpose: 

Conclusions: 

Procedure: 

ATrhCHNENT 1 (9 LABORATORY TEST R E P O R T  
.... 

October 2 ,  1973 

From the Carboline Research & Development Laboratory 

SR36A 

Evaluation of performance of test coupons for Ston 
Engineering Corporation consisting of Carbo Zinc 11 at various 
d ry  f i lm thicknesses, with and without 2 coats and 3 coats of 
DuPont Corlar Epoxy, after exposure to a specified time-tempcr- 
a ture  curve.  

& Webster 

Testing Project: 
Mr . James R .  Lopata. 

01224; Mr . George V .  Spires ,  Stone & Webstcr; 

To observe and record those surface defects and indications of 
loss of f i lm  integrity identified in  the referenced failure modes 
upon exposing the test panels to the time-temperature curve 
specified in the referenced test exposure.  

Please refer to Report #01224 .) and Report #SR36 a 

1) Test Coupon 
2" x 4 "  x 3/8" steel panels cut from the l iner plate. 
SSPC-SP6-63 t modification sandblast profile. 

2) Systems Tested 

1) l c  Carbo Zinc 11, 5 mils 
2) l c  Garb0 Zinc 11, 7 mi ls  
3) lc C i rbo  Zinc 11, 9 mils 
4) l c  Carbo Zinc 11, 11 mils 
5) l c  Carbo Zinc 11, 5 mils 

2c Corlar Epoxy, 4 mils 
6) lc Carbo Zinc 11, 7 mils 

2c Corlar Epoxy, 4 mils 
7) l c  Carbo Zinc 11, 9 mils 

2c Corlar Epoxy, 4 mils 
8) l c  Carbo Zinc 11, 11 mils 

2c Coriar ~ p o x y ,  4 mils 
9) l c  Carbo Zinc 11, 5 mils 

3c Corlar Epoxy, 6 mils 
10) l c  Carbo Zinc 11, 7 mils 

3c Corlar Epoxy, 6 mils 

*Dry Film Thickness (DFT) 
Please refer to "Results" 
for measurements of the 
f i lm thickness 

T h e  technicol doto furnirhcd ir t rue and occuroto to tho bor ,  of  our knowlodge. Howovor,  
no guoronleo of occurocy i s  g iven or impl ied .  

L ~ V U V U U I ~ ~ C I . ~ I  YUL.OOY 
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October 2, 1973 

Systcms Tcstcd (cont’d.)  
11) l c  Carbo Zinc 11, 9 mils 

12) l c  Carbo Zinc 11, 11 m i l s  
3c Corlar Epoxy, 6 mils 

3c Corlar Epoxy, 6 mils 

YThe source of these d r y  film thickness values was the 
detailed paper work provided with the project request 

Cure Schedule 
All  test coupons had the coatings applied and completely curcd 
when received from Stone & Webster. Application was made in 
the field (jobsite) by Stone & Wcbster personnel.  

Exposure 

Test Solution: Demineralized water with 0 . 2 2  Molar Boric 
Acid and 0 . 0 3 7  Molar Sodium Hydroxide-- 
adjusted to PH 8.0 +. - 

The test coupons were subjected to the following time- 
tcmpcrature profile: 

Total Time Lapse Temperature O F  

Initial 105OF 
10 seconds 28OoF 
2400 seconds (40  minutes) 280°F 
3600 seconds (1 hour) 140°F 
168 hours  140°F 

All  test coupons were partially immersed into the solution 
inside the test chamber and scribed down to the steel 
substrate  before being exposcd to the test cr i ter ia .  

From the Carboline Rcscorch 81 Developrncrit Laboratory I 
T h e  technicoi  dolo furnished i s  true and occurote  to flie best  of  our hnowlodpe.  However ,  
no guorontee 01 occurocy i s  given or Implled.  



Rtpartec! {I) 
Coating a y s t e m  Dry Fi lm Thickness 

1) l c  Carbo Zinc 11 
2)  l c  Carbo Zinc II 
3) l c  Carbo Zinc 11 
4)  l c  Carbo Zinc 11 
5) l c  Carbo  Zinc 11, 5 mils 

2c DuPont Cor l a r  

6 )  l c  Carbo Zinc 11, 7 m i l s  
2c DuPont Corlar  

7) lc Carbo Zinc 11, 9 mils 
t c  DuPont Cor l a r  

8)  lc Carbo Zinc’ll, 10 m i l s  
2c DuPont Corlar  

9 )  Ic Carbo Zinc 11, 5 mi l s  
3c DuPont Cor l a r  

10) lc Carbo Zinc ,ll, 7 mils  
3c DuPont Corlar 

31) lc Carbo Zinc LI, 9 mils 
3c DuPont Corlar 

12) lc Carbo Zinc 11, 11 m i l s  
3c DuPont Cor la r  

Acceptable Performance 
N101.2-l972 

Mils 
5 
7 
9 

l o +  

9 

11 

13 

14 

13 

15 

17 

Meas ;cl D r y  
Film Thickness Range 

M i l s  
3- 6 
6-7 
9-10 
10 

9 

10 

1 2  

13,-14 

10-11 

10-12 

14-15 

15-16 

Flaking 
10 
10 
10 
10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

D el am in ation 
or Peeling 

None 
None 
None 
None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

--- 

+ v  

10 
10 
10 

Blister in g C h a! k i n f 
10 in 

#8M over 25%of sur-ace 
area, by scribe 

#4M over 20% of surfzce 
area, by  scribe 

# 6 h D  over 20% of surface 
area,  b y  scribe; #8F 
on edge 

#6M over 10% of surface 
area, by  scribe 

R2F over 1 5 %  of surface 
area, h #8M over 6% of 
surface area, by  scribc 

#8h? over 10% of surface 
a rea  & 2F over 30% of 
surface area 

fF4M over 50% of 
surface area 

#6XI over 20% of 
surface area 

4F 

( I )  These values for d r y  f i lm  thickness were  obtained f r o m  the identification tags which were  attached to each test cocpon 
as received. 

10 
10 
10 

10 

10 
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Discussion of 
Results: An appropriatc acceptance cr i ter ia  with rcgard  to blistering 

is established under  ANSI N101.2-1972,  Section 4 . 5  as 

"Size N o .  4"  with a concentration classification as  "Few" 
as described undcr  ASTM D714. Though  ccrtain of the 
topcoated panels did evidencc intact bl is ters  of s ize  N o .  4 
or la rger  at a f requency grcnter  than "few", the coating 
systems ability to remain intact under  simulated DDA 
teinpcraturc and s p r a y  conditions were demonstrated.  
The area  effected is idcntificd by a perccnt  value u n d e r  
the "Blistering" classification of the Results Table .  

Blistering of a portion of a test  coupon must be evaluated 
with r e g a r d  to bl is ter  density for the affected a r e a ,  
Invalid resu l t s  would b e  obtained if the density was 
reduced  to take in the ent i re  a rea  of the sample coupon 
which is being evaluated. 

Please re fer  to attached photographs of the test  coupons after they were  exposed to 
the test  cr i ter ia .  

Test ing Department 

OR: Testing Departmen. 
cc: G. Spi res  

Stone 6r Webster 
xc: SLL/RRR/HDT/JFM/EWS/JDB/GHD/SLS/JRL/Lab Group Leaders/File 

From the Carbolinc Rcscarcli & Dcvclopnlcnt Laboratory i 

c a r i 3  c, i I: i-; c= 
.- .-,....-- - r......, 

I , .*-.- . . I . 

Tho tochnicol doto furnished i s  true ond occurote to the bas t  o f  our knowledge.  However ,  
no puorontee o f  occurocy i s  given or implied.  



INTEROFFICE MEMORANDUM 

SUBJECT Report On Uasis For Resolut ion of 
N.A. 11715 IVGCD NO. 1080 
(Liner Primer Over Thickness) 

A 0.0 am 

TO G. J. Burroughs 

J . 0 .  O R  
W.O. NO. 11715 

DATE October 10, 19’/3 

FROM CVSpires :cmd 

cc  General Files 

D E E l l i s  
MPBer a r d i  
P J G i l l  
DAP i c c i on e 
JCDy ckmen 
WJLKennedy 
M.E.File ( e n c . )  

In  accordance with r e q u e s t  o f  your IOM dated 8/23/73, t h e  fo l lowing  information 
i s  submitted.  

Some 250 d r y  f i l m  th ickness  (DFT) readings  were taken on t h e  z i n c  primer which 
had been shop appl ied t o  t h e  i n s i d e  sur face  of t h e  Unit No. 1 containment sub- 
sequent t o  i t s  e r e c t i o n .  
e x t e n t  t h e  m a x i m u m  s p e c i f i e d  DFT of 5.0 had been exceeded. The average of t h e  
recorded r e a d i n g s  was 4.7 mils and i t  was determined with a 99.9% confidence 
l e v e l ,  t h a t  t h e  average primer th ickness  over t h e  e n t i r e  l i n e r  would l i e  
between 4.4 and 5.0 mils, However, some 75 readings (30% of t h e  t o t a l )  were 
found t o  exceed t h e  5.0 m i l  maximum and 1 2  readings  ( 5 % )  exceeded 7.0 mils. 

This  was done i n  order  t o  determine i f  or  t o  what 

It was apparent  t h a t  t h e  DFT of t h e  l i n e r  primer had, t o  a s i g n i f i c a n t  e x t e n t ,  
exceeded t h e  m a x i m u m  a l lowable a n d ,  accordingly,  an N&D (No. 1080). was i ssued .  
Consequently, it was determined t h a t  a t e s t  s imula t ing  t h e  steam/temperature/ 
spray occurr ing  i n  a LOCA should be run so t h a t  t h e  a f f e c t  of primer over th ickness  
on t h e  i n t e g r i t y  of t h e  spec i f ied  primer/topcoat system might be evaluated.  
a t e s t  was conducted a t  t h e  l a b o r a t o r i e s  of t h e  Carboline Company and t h e i r  t e s t  
r e p o r t  i s  a t tached .  The specimens provided were c u t  from s c r a p  p ieces  of t h e  
N . A .  containment No. 1 l i n e r  p l a t e  i t s e l f  and r e f l e c t e d  v a r i o u s  DFT’s of from 5 
t o  11 mils. 
of a prev ious  s e q u e n t i a l  (no t  simultaneous) autoclave/wet i r r a d i a t i o n  t e s t  
program performed by Frankl in  I n s t i t u t e  (FIRL) f o r  sc reening  coa t ing  system f o r  
use a t  Surry No. 1 & 2 i n d i c a t e d  t h a t  p o s t - i r r a d i a t i o n  of t h e  same coat ing  
system, i.e., Dupont Corlar  on Carbo Zinc 11, had no e f f e c t  o ther  than  d i s -  
co lora t ion .  T h i s  observa t ion  was v e r i f i e d  i n  another FIRL t e s t  when a pure 
epoxy coa t ing  system was t e s t e d  f o r  S&W. Based on t h e s e  re ferenced  demonstrations 
t h a t  p o s t - i r r a d i a t i o n  w i l l  n o t  s i g n i f i c a n t l y  a l t e r  a coa t ing  sys tem’s  performance, 
i t  was decided t h a t  t h e  North Anna l i n e r  p l a t e  specimens would n o t  be i r r a d i a t e d .  

Such 

Topcoating was performed by f i e l d  personnel  a t  t h e  s i t e .  R e s u l t s  

A s  i n d i c a t e d  i n  t h e  "Resul ts"  t a b l e  of t h e  Carbol ine Tes t  Report ,  t h r e e  of  t h e  
coupons t e s t e d  (No’s. 6, 9, and 11) sus ta ined  i n t a c t  b l i s t e r s  having a b l i s t e r  
s i z e  or  frequency g r e a t e r  than t h e  ’ I . . .  few i n t a c t  b l i s t e r s ,  s i z e  No. It...’’ 
acceptance c r i t e r i a  e s t a b l i s h e d  under ANSI N101.2. However, t h i s  b l i s t e r  s i z e  
and frequency wascomparable t o  t h a t  observed f o r  t h e  coupon representin[:  t h e  
l i n e r  p l a t e  which was t e s t e d  a s  a p a r t  of t h e  genera l  t e s t  program conducted 
e a r l i e r  t h i s  year  by FIRL f o r  North Anna ( r e f e r  NAS-5275, da ted  3/13/73). 
The r e s u l t s  from t h i s  l a t t e r  t e s t  were acceptab le .  



Report on Basis  f o r  
Resolution 

- 2 -  10/10/73 

As was noted on page 2 of  t h e  reference l e t t e r ,  i n  d i s c u s s i n g  t h e  r e s u l t s  
of those  tes ts  and as i s  again a p p l i c a b l e  i n  t h e  i n s t a n c e  of t h e  t e s t i n g  done 
by Carboline,  while  t h e  ANSI b l i s t e r i n g  c r i t e r i a  was exceeded, t h e r e  was no 
evidence of f l a k i n g ,  delaminat ion or pee l ing .  
system’s a b i l i t y  t o  remain i n t a c t  under a simulated LOCA has been s u b s t a n t i a t e d .  

The Carbo Zinc 11/Corlar coa t inc  

The foregoing summarizes t h e  b a s i s  f o r  t h e  course of a c t i o n  w e  have ind ica ted  
f o r  reso lv ing  N&D 1080, as r e f l e c t e d  i n  t h e  d i s p o s i t i o n  i n s t r u c t i o n  s ta tcment:  
"Correct ive a c t i o n  n o t  requi red ,  accept  as is" .  
d i s p o s i t i o n  i n d i c a t e d ,  was p rev ious ly  returned t o  t h e  p r o j e c t  under an 1 O C  
dated 9/7/73. 

The N & D form with t h i s  

G. V .  S p i r e s  



Sect ion 

F-C3486 

CONTENTS 

T i t l e  Pug e 

I 

I1 

111 

I V  

V 

V I  

V I  I 

V I I I  

IX 

INTRODUCTION, . . . .  . .  . .  . 1-1 

SAMPLE DESCRIPTION . . .  . . .  . 2-1 

TEST SPECIFICATION . . . .  . . .  . 3-1 

TEST APPARATUS AND PROCEDURE. , . . . . 4-1 

A.  A p p a r a t u s  . . . . . . .  . .  . 4-1 

1. Test Vessel . . . . . .  . 4-1 

2 .  Sample S u p p o r t  S y s t e m  . . .  . 4-1 

3. Vessel Assembly . . . .  . .  . 4-5 

4 .  S p r a y  Flow System . . .  . .  . . 4-5 

5 .  R a d i a t i o n  S o u r c e .  . . .  . . .  , 4-5 

B. P r o c e d u r e s  . . . . . . .  . . . 4-7 

1. O p e r a t i n g  P r o c e d u r e  . . .  . . .  . . 4-7 

2. P e r f o r m a n c e  E v a l u a t i o n  P r o c e d u r e ,  . m . 4-7 

RADIATION DOSIMETRY . . . .  . . 5-1 

TEST DESCRIPTION. . . . . . .  . 6-1 

A.  Run 1 . . . . . 6-1 

B. Run 2 . . . .  0 .  . . . 6-2 

PERFORMANCE EVALUATION . . .  . . 7-1 

. . . . . . . . . . .  . 7-1 A . R w 1  

B .  R u n 2  . . . . . . . . . . .  .7-1 

SUMNARY AND CONCLUSIONS . . . . .  . .  . . 8-1 

CERTIFICATION . . .  . .  . 9-1 

iii 



F-C3486 

CONTENTS (Cont ’d)  

Sect ioit T i t  Ze 

APPENDIX A - SWEC SPECIFICATIONS AND DOCUMENTS 

A . l  NAS 361 - S p e c i f i c a t i o n  for T e s t i n g  of  P r o t e c t i v e  Coat- 
i n g s  f o r  Design Basis Accident  Environment f o r  Nor th  
Anna Power S t a t i o n  1975 Ex tens ion  - Nor th  Anna Power 
S t a t i o n ,  V i r g i n i a  E l e c t r i c  and Power Company, Richmond, 
V i r g i n i a ,  

Accident  Environment T e s t  f o r  Nor th  Anna Power S t a t i o n  
1975 Ex tens ion  - Nor th  Anna Power S t a t i o n ,  V i r g i n i a  
E lec t r ic  and Power Company, Richmond, V i r g i n i a .  

F i lm  Th icknesses .  

A.2 NAS 364 - S p e c i f i c a t i o n  f o r  T e s t  P a n e l s  for Design B a s i s  

A.3  F.Q.C. Report  Summary - SWEC r e p o r t  of Appl ied  Coa t ing  

APPENDIX B - COATING SYSTEM PERFORMNCE EVALUATION DATA SHEETS 

B . l  V i s u a l  I n s p e c t i o n  of Samples Upon Rece ip t  

B.2 Run 1 I n i t i a l  E v a l u a t i o n  

B.3 Run 1 F i n a l  E v a l u a t i o n  

B.4 Run 2 I n i t i a l  E v a l u a t i o n  

B.5 Run 2 F i n a l  E v a l u a t i o n  

APPENDIX C - STANDARDS OF EVALUATION 

C . l  E v a l u a t i n g  Degree o f  R e s i s t a n c e  t o  Chalk ing  o f  E x t e r i o r  

C.2 E v a l u a t i n g  Degree of B l i s t e r i n g  of P a i n t s  (ASTM D714) 

C.3 E v a l u a t i n g  Degree o f  F l a k i n g  ( S c a l i n g )  of E x t e r i o r  
P a i n t s  (ASTM D772) 

C.4 E v a l u a t i n g  Degree of R e s i s t a n c e  t o  Checking of E x t e r i o r  
P a i n t s  (ASTM D660) 

C.5 E v a l u a t i n g  Degree o f  R e s i s t a n c e  t o  Cracking  of E x t e r i o r  
P a i n t s  (ASTM D661) 

P a i n t s  (ASTM D659) 

lv 



F-C3486 

CONTENTS (Cont’d) 

Sect ion T i t l e  

APPENDIX D - CERTIFICATION OF RADIATION EXPOSURE 

D . l  

D.2 Certification of Irradiation Performed at Neutron 

Summary Report of Dosimetry Tests Conducted by  
Neutron Products, Inc. 

Products, Inc. 

V 



F-C3486 

Number 

FIGURES 

T i t l e  Page 

la 

lb 

l c  

I d  

l e  

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12  

13 

Hal f -S ize  Photograph  of  S i d e  1 of  Systems A and B P r i o r  t o  
T e s t i n g .  . . * .  . . 
T e s t i n g .  . . . . . .  
T e s t i n g .  . 0 . .  . . .  . 
Hal f -S ize  Photograph  of  S i d e  1 of Systems D and F P r i o r  

Hal f -S ize  Photograph  of  S i d e  1 of System C P r i o r  t o  . .  . @  
Half -Size  Photograph  of S i d e  2 o f  System C P r i o r  t o  

t o  T e s t i n g  . . .  . . .  
Half -S ize  Photograph  of  S i d e  1 of  Systems E,  G and T 
P r i o r  t o  T e s t i n g  . . .  . 
S p e c i f i e d  Test  P r o f i l e  . . . .  . @ .  
Test Vessel Components: I n n e r  and Ou te r  Vessel, 
Sample SuFport  T rays  and Ex tens ion  P i p e ,  . 
Sample Suppor t  Syst.em . . .  . . 
Sample P o s i t i o n s  f o r  Test Runs . . . 
B a f f l e  P l a t e  on Unders ide  of  I n n e r  Vessel F lange  

Tempera ture  P r o f i l e  f o r  Run 1 . . . 
P r e s s u r e  P r o f i l e  f o r  Run 1 . . .  . 
O p e r a t i o n  T i m e  of Chemical-Spray S o l u t i o n  Dur ing  
Run 1 . . . .  . .  . .  
Temperature  P r o f i l e  f o r  Run 2 . . . .  . 
P r e s s u r e  P r o f i l e  f o r  Run 2 . . . .  
O p e r a t i o n  Time of  Chemical-Spray S o l u t i o n  Dur ing  
Run 2 . . . .  . .  . . .  
Samples Removed from Suppor t  System A f t e r  Seven-Day 
Exposure . . . a .  

2 - 3  

2-4 

2-5 

2-6 

2-7 

3-2 

4 - 2  

4-  3 

4-4 

4- 6 

6-  3 

6-4 

6-5 

6-6 

6-7 

6 - 8  

7-3 

V i  



F-C3486 

Nmber 

14a 

14b 

14c 

15a 

15b 

15c 

Nwrrber 

1 

2 

3a 

3b 

Half-Size Photo 

FIGURES 

T i t l e  

raph of Side 1 of Syst m C and the 
Evaluated Side of Systems A and B,  Taken After Initial 
Evaluation Following Run 1 . , . . . . . 
Half-Size Photograph of Side 2 of System C After the 
Initial Evaluation Following Run 1 , . .  
Half-Size Photograph of Side Evaluated After the Initial 
Evaluation Following Run 1 for Systems D, E, F, G 
and T . . . . .  . . .  
Half-Size Photograph of Side 1 of System C and the 
Evaluated Side of Systems A and B,  Taken After the 
Final Evaluation Following Run 2 . . . . . 
Half-Size Photograph of Side 2 of System C After the 
Final Evaluation Following Run 2 . . . . .  
Half-Sfze Photograph of Side Evaluated After the Final 
Evaluation Following Run 2 for Systems D, E, F, G 
and T . . . .  . .  . .  

TABLES 

T i t l e  

Radiation Levels as a Function of Pan Position 
(Megarads/Hour). . . . . . .  . . .  
Summary of Accumulated Total Dose of Gamma Radiation 
Exposure Received by Test Specimens. . . , . 
Summary of Initial Evaluation of Coating System 
Performance for Run 1 . . . .  
Summary of Final Evaluation of Coating System Per- 
fomance for Run 1 . . . . .  

Page 

7-6 

7-7  

7-8 

7-11 

7-12 

7-13 

Page 

5 - 2  

5-4 

7-4 

7-5 

vi i 



F - C 34 86 

TABLES (Cont ’ d )  

Numhsr T i t l e  Page 

4a  Summary of Initial E v a l u a t i o n  of C o a t i n p  S y s t e n  Per-  
formance f o r  Run 2 .  . , 7-9 

4b Summary of F i n a l  E v a l u a t i o n  of C o a t i n g  System Per- 
formance f o r  Run 2 .  . . 7-10 

v l i i  



F-C3486 

I. INTRODUCTION 

Performance q u a l i f i c a t i o n  tests were conducted t o  de te rmine  t h e  i n -  

t e g r i t y  of p r o t e c t i v e  c o a t i n g  systems s u b j e c t e d  t o  a Design Basis Acci- 

den t  (DBA) environment s p e c i f i e d  by t h e  S tone  and Webster Engineer ing  

Corpora t ion  (SWEC). This i nc luded  s imul taneous  exposure  f o r  seven  days 

t o  gamma r a d i a t i o n ,  steam, and chemical  sp ray  i n  accordance  w i t h  SWEC 

s p e c i f i c a t i o n  NAS 361, inc luded  h e r e  as Appendix A . l .  

F i f t y  fou r  samples ,  c o n s i s t i n g  of 16  c o n c r e t e  b l o c k s ,  37 s t e e l  p a n e l s ,  

and 1 transi te  pane l ,  Were t e s t e d .  

o t h e r s  i n  accordance wi th  SWEC s p e c i f i c a t i o n  NAS 3 6 4 ,  g iven  h e r e  as Appendix 

h .2 .  The samples  were eva lua ted  f o r  c o a t i n g  system performance i n  ac- 

cordance w i t h  ASTM s t a n d a r d s  f o r  e v a l u a t i n g  e x t e r i o r  p a i n t s .  

The samples  f u r n i s h e d  were p repa red  by 

The test program w a s  conducted by the  F r a n k l i n  I n s t i t u t e  Research 

L a b o r a t o r i e s  ( F I E )  i n  two runs commencing on November 13, 1972,  and 

January  20, 1973,  u s i n g  t h e  r a d i a t i o n  f a c i l i t i e s  of  a su i tcont rnc tor .  
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I I .  SAMPLE DESCRIPTION 

The samples were grouped i n t o  e i g h t  sys tems,  each  unique w i t h  r e s p e c t  

t o  t h e  s u r f a c e  coa t ing .  Appendixes A.2 and 3 d e s c r i b e  t h e  Sh%C i d e n t i f i c a -  

t i o n  of samples ,  t h e  c o a t i n g s  used ,  and t h e  method of a p p l i c a t i o n .  

The systems were d e s i g n a t e d  as A ,  B,  C ,  D ,  E, F, G and T ,  and 

are d e s c r i b e d  below, F i g u r e s  l a  through l e  are photographs  of t h e  t e s t  

samples  showing t h e  f r o n t  f a c e  of each  and bo th  f a c e s  o f  samples C 1  t o  

C 8 .  

All samples  were numbered and tagged by SWEC w i t h  l -1f4- inch-diameter  

t a g s  a t t a c h e d  by 1f16-inch-diameter  wire p laced  through h o l e s  i n  each  

p i e c e .  The wire was subsequen t ly  r ep laced  w i t h  a th readed  rod  t o  f a c i l i -  

t a te  mounting of t h e  samples  w i t h i n  t h e  t es t  chamber. 

G9, one s i d e  of each metal p a n e l  was s c r i b e d  by SWEC w i t h  a l i n e  t h a t  pene- 

t r a t e d  t o  t h e  s u b s t r a t e .  

each  sample.  

Except f o r  sample 

Samples C 1  t o  C8 had an extra h o l e  i n  t h e  bot tom of 

It was noted  t h a t  t h e  c o n c r e t e  b locks  of samples  A 1  t o  A8 and B1 

t o  B8 had s c r a t c h  marks on one end.  A l so ,  one f a c e  of each  sample had 

a rougher  t e x t u r e  than  t h e  o t h e r  f a c e s .  

i n s p e c t i o n  r e p o r t  of t h e  samples. 

Appendix B c o n t a i n s  t h e  v i s u a l  

The fo l lowing  i s  a b r i e f  d e s c r i p t i o n  o f  t h e  samples:  

System A - Samples A 1  t o  A8:  Concre te  b locks  measuring 2 i n .  x 2 i n .  

x 4 i n .  S i d e  w i t h  t a g  a r b i t r a r i l y  chosen as s i d e  1. Top s e l e c t e d  as end 

c l o s e s t  t o  t a g .  S ides  2 ,  3 and 4 were numbered c lockwise  from s ide  1 

when t h e  b lock  was viewed from t h e  top .  

System B - Samples B1 t o  B8 :  Same s i z e  and i d e n t i f i c a t i o n  as sam- 

p l e s  A1 t o  A8. 
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System C - Samples C1 to C8: Steel panels measuring 4 in. x 4 in. 

Side x 3/8 in. with weld seam running horizontally through the center. 

1 selected as that side which had a scribed line and white top coat. 

Side 2 was grey-coated. 

System D - Samples D1 to D8: 

x 318 in. Side 1 had a scribed line. 

Steel panels measuring 2 in. x 4 in. 

System E - Samples El to E4: Steel panels measuring 2 in. x 4 in. 

x 318 in. Side 1 had a scribed line and side 2 was uncoated. 

System F - Samples F1 to F8: 

x 318 in. Side 1 had a scribed line. 

Steel panels measuring 2 in. x 4 in. 

System G - Samples G1 to G8: Steel panels measuring 2 in. x 4 in. 

x 20 gage. Side 1 had a scribed line. 

Sample G9: Galvanized steel panel measuring 2 in. x 4 in. x 20 gage 

with no other coating and no scribed line, 

side with the writing on the tag facing out when the tag is against the 

panel. 

Side 1 chosen as  that 

System T - Sample T1: Transite panel measuring 2 in. x 4 in. x 3/8 

in. and not coated or scribed. Side 1 chosen in same manner as G9. 

Side 1 of the concrete blocks is also referred to as the front and 

side 3 as the back. Side 1 of all panels i s  referred to as the front 

and side 2 as the back. 
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F igure  l a .  H a l f - S i z e  Photograph of Side 1 o f  Systems A and B Prior t o  T e s t i n g  



tu 
I 

Figure 7b .  H a l f - S i z e  Photograph o f  S ide  1 o f  System C Prior t o  T e s t i n g  
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Figure l c .  Half-Sire Photograph o f  S ide  2 o f  System C P r i o r  t o  Tes t ing  
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F i g u r e  I d ,  H a l f - S i z e  Photograph o f  S i d e  1 o f  Systems D a n d  F Prior t o  T e s t i n g  
-n 



F i g u r e  l e .  H a l f - S i z e  Photograph o f  S ide  1 o f  Systems E ,  G and  T P r i o r  t o  Testing 
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1 1 1 .  TEST SPECIFICATION 

The DBA env i ronmen t  t e s t  c o n s i s t e d  of  s i m u l t a n e o u s  e x p o s u r e  t o  

gamma r a d i a t i o n ,  s t e a m ,  and  c h e m i c a l  s p r a y  i n  a c c o r d a n c e  w i t h  t h e  

p r o f i l e  shown i n  F i g u r e  2 .  

S p e c i f i c a t i o n s  r e q u i r e d  t h a t  s t e a m  b e  a d m i t t e d  r a p i d l y ,  r a i s i n g  

t h e  t e m p e r a t u r e  f rom 105" t o  280°F and t h e  p r e s s u r e  f rom a t m o s p h e r i c  t o  

45 p s i g  w i t h i n  10 s e c o n d s ;  t h e s e  c o n d i t i o n s  (280"F/45  p s i g )  were t o  b e  

m a i n t a i n e d  f o r  40 m i n u t e s .  The t e m p e r a t u r e  and p r e s s u r e  were t o  b e  re- 

duced o v e r  t h e  n e x t  20 m i n u t e s  t o  140 °F  and  -1 p s i g  and m a i n t a i n e d  f o r  

t h e  b a l a n c e  of  one  week. The s p e c i f i c a t i o n  was s u b s e q u e n t l y  a l t e r e d  t o  

a l low t h e  minimum p r e s s u r e  t o  b e  be tween 0 and 5 p s i g  i n s t e a d  o f  -1 

p s i g  a f t e r  t h e  f i r s t  h o u r  b e c a u s e  an  o v e r p r e s s u r e  i n s i d e  t h e  t e s t  

chamber was r e q u i r e d  t o  pump steam c o n d e n s a t e  and  s p r a y  s o l u t i o n  from 

t h e  b o t t o m  of  t h e  r a d i a t i o n  p o o l ,  where  t h e  t e s t  chamber was l o c a t e d ,  

t o  t h e  t o p  of  t h e  p o o l ,  where  t h e  pump was l o c a t e d .  

The c h e m i c a l  s p r a y  was t o  b e  t u r n e d  on  a t  t h e  s t a r t  o f  t h e  t e s t  

and remain  on t h r o u g h o u t  t h e  seven-day e x p o s u r e  p e r i o d .  T h r e e  d i f f e r e n t  

s o l u t i o n s  were s p e c i f i e d  f o r  u s e  a t  d i f f e r e n t  times d u r i n g  t h e  e x p o s u r e  

p e r i o d  t o  s i m u l a t e  a c t u a l  changes  i n  t h e  s p r a y  c h e m i s t r y  e x p e c t e d  t o  

o c c u r  d u r i n g  an  a c c i d e n t .  

The s o l u t i o n s  were composed of  b o r i c  a c i d .  Two were b u f f e r e d  w i t h  

d i f f e r e n t  amounts of sodium h y d r o x i d e  t o  a l t e r  t h e  a l k a l i n i t y  c o n t e n t .  

The f i r s t  s o l u t i o n  w a s  a c i d i c ,  h a v i n g  a pH of  4 . 9 ;  t h e  s e c o n d  and t h i r d  

s o l u t i o n s  were a l k a l i n e ,  h a v i n g  a pH of 11.0 and 8.05, r e s p e c t i v e l y .  

The c o n c u r r e n t  r a d i a t i o n  e x p o s u r e  was t o  c o n s i s t  of 100 megarads  

t o t a l  accumula t ed  d o s e  a d m i n i s t e r e d  a t  t h e  r a t e  of 1.1 megarads d u r i n g  

t h e  f i r s t  h o u r  and  98 .9  megarads o v e r  t h e  n e x t  1 6 7  h o u r s .  
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I V .  TEST APPARATUS AND PROCEDURES 

A .  A p p a r a t u s  

1. Test Vessel 

The t e s t s  were conduc ted  i n  a doub le -wa l l ed  v e s s e l  immersed i n  a 

p o o l  of  water t h a t  s h i e l d e d  t h e  o p e r a t o r s  f rom t h e  Co-60 s o u r c e s  of gamma 

r a d i a t i o n .  The i n n e r  chamber o f  t h e  vesse l  (8 i n .  ID x 3 f t .  l o n g )  con- 

t a i n e d  t h e  a p p a r a t u s  f o r  h o l d i n g  t h e  s a m p l e s  and  p r o v i d e d  t h e  s t e a m /  

c h e m i c a l - s p r a y  e n v i r o n m e n t .  The o u t e r  chamber (12  i n .  I D  x 4 f t  l o n g )  

was used  t o  i n s u l a t e  t h e  i n n e r  chamber and was c o n n e c t e d  t o  a p i p e  

(6 i n .  OD x 20 f t  l o n g )  t h r o u g h  which  a l l  e x t e r n a l  c o n n e c t i o n s  were 

b r o u g h t  o u t  of t h e  p o o l .  F i g u r e  3 shows t h e  sample t r a y ,  i n n e r  chamber 

( f o r e g r o u n d ) ,  o u t e r  chamber ,  and  e x t e n s i o n  p i p e .  

2 .  Sample S u p p o r t  System 

The sample  h o l d i n g  d e v i c e ,  shown i n  F i g u r e  4 ,  c o n s i s t e d  o f  f o u r  

t r a y s  mounted o n  s i d e  r a i l s  w i t h  a f l a t  r i n g  above  e a c h  t r a y  t o  h o l d  t h e  

samples .  The s a m p l e s  were p o s i t i o n e d  s o  t h a t  s i d e  1 f a c e d  t h e  CO-60 s o u r c e  

The p a n e l s  were h e l d  w i t h  t h e  4 - inch  d i m e n s i o n  i n  t h e  v e r t i c a l  d i -  

r e c t i o n  and w i t h  t h e  lower  t h i r d  o f  e a c h  p a n e l  immersed i n  t h e  s p r a y  

s o l u t i o n  t r a y .  T h i s  p o r t i o n  of  e a c h  sample  w a s  r e f e r r e d  t o  as 

t h e  l i q u i d  phase; t h a t  a r e a  n o t  immersed i n  s p r a y  s o l u t i o n  was r e f e r r e d  

t o  as t h e  vapor phase.  

F i g u r e  5 .  

Samples  were a r r a n g e d  f o r  e a c h  r u n  as shown i n  

AS shown i n  F i g u r e  4 ,  a t h r e a d e d  r o d  c o n n e c t e d  t h e  s a m p l e s  t o  t h e  

h o r i z o n t a l  f l a t  r i n g  above  e a c h  p a n .  S i n c e  t h e  wire  s u p p l i e d  w i t h  t h e  

p a n e l s  o c c u p i e d  most  of t h e  h o l e  s p a c e  and  p r e v e n t e d  t h e  r o d  from p a s s -  

i n g  t h r o u g h  t h e  p a n e l s ,  i t  was r e p l a c e d  by 1132- inch -d iame te r  s t a i n l e s s -  

s t e e l  wire .  The r o d  was p a s s e d  th rough  t h e  c o n c r e t e  b l o c k s ,  a n u t  

p l a c e d  on  e a c h  end of  t h e  r o d  and t h e  t h r e a d  u p s e t  t o  p r e v e n t  r e m o v a l .  

The r e m a i n i n g  p o r t i o n  of t h e  t h r e a d e d  r o d  was f a s t e n e d  t o  t h e  f l a t  r i n g .  

To a v o i d  mix ing  t h e  t a g s ,  one  sample  was changed  a t  a t i m e .  
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Figure 3. Test Vessel Components: Inner and Outer Vessel, 
Sample S u p p o r t  Trays and Extension Pipe 

4-2 



F-C3486 
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RUN I - 
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F i g u r e  5. Sample Positions fo r  T e s t  Runs  
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3 .  Vessel Assembly 

The sample s u p p o r t  sys t em was a t t a c h e d  t o  t h e  i n n e r  vessel  f l a n g e .  

The f l a n g e  had p e n e t r a t i o n s  f o r  steam i n l e t ,  s p r a y  s o l u t i o n  i n l e t  and 

r e t u r n ,  and thermocouple  l e a d s .  Two the rmocoup les  were l o c a t e d  between 

tlie second and t h i r d  pans and v e r t i c a l l y  between two s u p p o r t  s t r u t s  as  

shown i n  F i g u r e  4 .  A s  shown i n  F i g u r e  6 ,  a b a f f l e  was f i x e d  t o  t h e  

u n d e r s i d e  of t h e  f l a n g e  t o  d i r e c t  t h e  steam away from t h e  samples .  

4. Spray Flow System 

Two s e p a r a t e  sys t ems  p r o v i d e d  chemica l  s p r a y  t o  t h e  samples :  

s p r a y  r i n g s  s p r a y e d  tlie f r o n t s  of t h e  p a n e l s ,  and f l o w  n o z z l e s  s p r a y e d  

t h e  b a c k s .  

Four s p r a y  r i n g s  were man i fo lded  and mounted above t h e  sample ho ld -  

i n g  r i n g s .  

s t e e l  t u b i n g .  T r a n s v e r s e  saw c u t s ,  made every h a l f  i n c h  a round  t h e  r i n g ,  

produced a fan-shaped s p r a y  p a t t e r n .  

The s p r a y  r i n g s  were f a b r i c a t e d  from 114-inch s t a i n l e s s -  

The f l o w  n o z z l e s  were a l s o  man i fo lded  and were mounted unde r  t h e  

These  were commercial  n o z z l e s  t h a t  pans  t o  s p r a y  t h e  n e x t  l ower  pan. 

produced a p a r a s o l  s p r a y  p a t t e r n .  

It was de te rmined  e x p e r i m e n t a l l y  t h a t  a f l o w  ra te  of 1 - 1 / 2  gpm 

th rough  t h e  s p r a y  r i n g s  and 1 gpm t h r o u g h  t h e  f l o w  n o z z l e s  would p r o v i d e  

a s p r a y  t h a t  a d e q u a t e l y  covered e a c h  p a n e l .  Sp ray  s o l u t i o n  c o l l e c t e d  i n  

e a c h  pan t o  t h e  o v e r f l o w  l e v e l ,  s p i l l e d  i n t o  t h e  bot tom of t h e  i n n e r  

v e s s e l ,  and was t h e n  pumped back  t o  the s u r f a c e  l e v e l ,  t h u s  c o m p l e t i n g  

t h e  f l o w  l o o p .  

5 .  R a d i a t i o n  S o u r c s  

The r a d i a t i o n  s o u r c e  c o n s i s t e d  of i n d i v i d u a l  p e n c i l s  ( l i n e  s o u r c e  

e l e m e n t s )  of Co-60 a r r a n g e d  i n  two s t a g g e r e d  rows around a c i r c u l a r  h o l d e r  

t h a t  had an open ing  f o r  t h e  v e s s e l  a s sembly .  The gamma r a d i a t i o n  d o s e  r a t e  

was 1 .25  megarads p e r  h o u r  when a l l  t h e  s o u r c e  p e n c i l s  were i n  p o s i t i o n  

( f u l l  l o a d ) ;  t h i s  was r educed  t o  0.6 megarad p e r  h o u r  by removing s e v e r a l  

p e n c i l s .  These dose  rates were de te rmined  by d o s i m e t r y  measurements p r i o r  

t o  t h e  t e s t ,  w i t h  t h e  t e s t  v e s s e l  i n  p l a c e  b u t  w i t h o u t  any samples  i n  i t .  

Each dose  r a t e  i s  t h e  a v e r a g e  of t h r e e  r e a d i n g s  made w i t h  p o t a s s i u m  n i t r a t e  
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Figure 6. Baff le  Plate on Underside o f  Inner Vessel Flange 
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d o s i m e t e r s  p l a c e d  a l o n g  t h e  v e s s e l  c e n t e r l i n e  a t  h e i g h t s  of a p p r o x i m a t e l y  

one i n c h  above t h e  bot tom of  t h e  t o p  pan ,  one i n c h  below t h e  bot tom of 

t h e  second pan and two i n c h e s  above t h e  bot tom of  t h e  bot tom pan. 

P r i o r  t o  i n i t i a t i n g  each  run  t h e  v e s s e l  was p l a c e d  i n  t h e  p o o l  ad- 

j a c e n t  t o  t h e  s o u r c e  r i n g ,  unde r  f u l l  l o a d ,  and was exposed a t  a d o s e  

r a t e  of 0 . 1  megarad p e r  hour  f o r  a p p r o x i m a t e l y  f o u r  h o u r s .  

of r a d i a t i o n  was c o n s i d e r e d  n e g l i g i b l e  and was n o t  added t o  t h e  t o t a l  

d o s e  r e c e i v e d  by t h e  samples. 

T h i s  amount 

B ,  Procedures 

1. O p e r a t i n g  P r o c e d u r e  

The assembled u n i t  was i n s e r t e d  i n t o  t h e  p o o l  a d j a c e n t  t o  t h e  

CO-60 s o u r c e  r i n g .  

Fo r  Runs 1 and 2 t h e  i n n e r  v e s s e l  was p r e h e a t e d  t o  110°F by means 

of band h e a t e r s .  I n  a d d i t i o n ,  f o r  Run 2 t h e  s t e a m  l i n e  was p r e h e a t e d  

t o  approx ima te ly  300°F up t o  t h e  p o i n t  where i t  e n t e r e d  t h e  e x t e n s i o n  

p i p e ,  and t h e  s p r a y  s o l u t i o n  was p r e h e a t e d  t o  280°F a t  80 p s i g  by means 

of  e l e c t r i c  h o t  water h e a t e r s .  

A t  t h e  comple t ion  of p r e h e a t i n g ,  t h e  t e s t  assembly was p l a c e d  w i t h i n  

t h e  Co-60 s o u r c e  r i n g  and t h e  tes t  was begun.  A f t e r  t h e  i n i t i a l  one- 

hour  p e r i o d  of  h i g h - l e v e l  r a d i a t i o n  e x p o s u r e ,  t h e  v e s s e l  was r a i s e d  and 

s e v e r a l  s o u r c e  p e n c i l s  were removed. S e v e r a l  l i n e s  t o  t h e  v e s s e l ,  i n c l u d -  

i n g  t h e  s p r a y  system l i n e s ,  were d i s c o n n e c t e d  i n  o r d e r  t o  ra i se  t h e  v e s s e l .  

The s p r a y  w a s  t u r n e d  o f f  f o r  1 7  minu te s  d u r i n g  Run 1 and 20 minu tes  

d u r i n g  Run 2 w h i l e  t h e  s o u r c e  p e n c i l s  were b e i n g  removed. 

exposure  a t  t h e  low l e v e l  was c o n t i n u e d  f o r  t h e  b a l a n c e  of t h e  seven-day 

t e s t  p e r i o d .  

The reduced 

2 .  Performance E v a l u a t i o n  P r o c e d u r e  

Performance e v a l u a t i o n s  of t h e  c o a t i n g  samples  were conducted a t  

t h e  c o n c l u s i o n  of t h e  seven-day DBA exposure  p e r i o d ,  and t h e n  a g a i n  1 4  

days a f t e r  t h e  i n i t i a l  e v a l u a t i o n .  Samples were  i n s p e c t e d  immedia t e ly  

upon removal from t h e  i n n e r  chamber t o  d e t e r m i n e  any g r o s s  e f f e c t s  due 

t o  t h e  t e s t  env i ronmen t .  I t  took between two and t h r e e  h o u r s  t o  remove 

a l l  t h e  samples  a n d  t o  p r e p a r e  f o r  t h e  d e t a i l e d  i n s p e c t i o n .  
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The eva lua t ions  were made t o  determine t h e  amount of degrada t ion  

caused by each of the  fo l lowing  cond i t ions  i n  accordance wi th  the  c r i -  

t e r i a  s e t  f o r t h  i n  the  ASTM documents noted.* 

1. Flaking  (ASTM D772) 

2 .  B l i s t e r i n g  (ASTM D714) 

3 .  Chalking (ASTM D659) 

4. Delamination, pee l ing  o r  o t h e r  changes i n  t h e  coa t ing  

sys tem t h a t  could be determined by v i s u a l  i n s p e c t i o n .  

Only the  worst  s i d e  of t he  pane ls  coated wi th  systems A,  B ,  D ,  F, 

G and T were eva lua ted .  Both s i d e s  of t he  pane ls  coated wi th  system C 

and only the coated f a c e  of system E pane ls  were eva lua ted .  

As r equ i r ed ,  t he  f i n a l  eva lua t ion  was conducted wi thout  r e f e r r i n g  

t o  the  results of the  i n i t i a l  eva lua t ion ;  t h a t  i s ,  the  w u r s t  f a c e  was 

eva lua ted ,  whether or  no t  i t  happened t o  be t h e  f ace  eva lua ted  i n i t i a l l y ,  

*The ASTN documents a r e  reproduced i n  Appendix C a long  wi th  s t anda rds  
f o r  e v a l u a t i n g  t h e  degree of c racking  and checking inc luded  as p a r t  of 
Item 4 .  

4- a 



F-C3486 

V. RADIATION DClSIllETRY 

The dos imet ry  d a t a  s u p p l i e d  by Neutron P r o d u c t s ,  I n c . ,  and con- 

t a i n e d  i n  Appendix 1> were used t o  o b t a i n  dose l eve ls  r e c e i v e d  by each 

sample.  The h i g h - l e v e l  dose  ra te ,  as a f u n c t i o n  of pan l o c a t i o n ,  was 

t a k e n  from t h e  v a l u e s  f o r  d o s i m e t e r s  7 ,  8 and 9 as shown on F i g u r e  D - 1  

and g i v e n  i n  Table  D-1  of Appendix D.l. Pan 1, t h e  t o p  pan ,  cor responds  t o  

d o s i m e t e r  7 ,  pan 2 t o  d o s i m e t e r  8, pan 3 t o  t h e  a v e r a g e  of d o s i m e t e r s  8 and 

9 ,  and pan 4 t o  d o s i m e t e r  9 .  These v a l u e s  are g i v e n  i n  T a b l e  1 under  t h e  

column "Run 1 - High Level".  

Run 2 h i g h - l e v e l  v a l u e s  were o b t a i n e d  by r e d u c i n g  Run 1 v a l u e s  by 

2.4% because  of t h e  n a t u r a l  decay of t h e  r a d i a t i o n  s o u r c e .  T h i s  decay 

was t a k e n  a s  t h e  d i f f e r e n c e  between d o s e  r a t e  v a l u e s  of t h e  two r u n s ,  a s  

c e r t i f i e d  by t h e  Neutron P r o d u c t s  l e t t e r  c o n t a i n e d  i n  Appendix D.2. 

The low- leve l  v a l u e s  were taken  from d o s i m e t e r s  11, 13, 15 and 17  of 

F i g u r e  D-1, cor responding  t o  pans 1, 2 ,  3 and 4 f o r  Run 1. The v a l u e s  

f o r  Run 2 were o b t a i n e d  by r e d u c i n g  t h e  v a l u e s  f o r  Run 1 i n  a manner 

s imi la r  t o  t h a t  f o r  t h e  h i g h  l e v e l s .  These v a l u e s  are a l l  p r e s e n t e d  i n  

Table  1. 

The dos imet ry  d a t a  of Appendix D . l  were f u r t h e r  u t i l i z e d  i n  o b t a i n -  

i n g  t h e  r e d u c t i o n  i n  dose  r a t e  through t h e  sample m a t e r i a l s .  Dummy 

samples  of t h e  same m a t e r i a l  as t h e  tes t  specimens were a r r a n g e d  i n  t h e  

c o r r e s p o n d i n g  tes t  p o s i t i o n .  The r e d u c t i o n  i n  r a d i a t i o n  through a sample 

w a s  t a k e n  as t h e  d i f f e r e n c e  between t h e  dose  r a t e  on t h e  o u t s i d e  s u r f a c e ,  

f a c i n g  t h e  s o u r c e ,  and t h a t  on t h e  i n s i d e  s u r f a c e ,  away from t h e  s o u r c e ,  

d i v i d e d  by t h e  o u t s i d e  dose r a t e .  The r e d u c t i o n  through c o n c r e t e ,  

sys tems A and B,  w a s  based  on r e a d i n g s  from d o s i m e t e r s  10 and 11 and 

was computed as 16%;  t h a t  th rough 3 /8- inch- th ick  s t e e l ,  sys tems D ,  E ,  

and F, w a s  based  on d o s i m e t e r s  1 2  and 13 and computed as 3.5%; t h a t  

th rough 318-inch-thick s t e e l ,  sys tem C ,  was based  on d o s i m e t e r s  1 6  and 

1 7  and computed a s  7%. No r e d u c t i o n  was o b t a i n e d  f o r  sys tem G ,  20-gage 
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Tab le  1. R a d i a t i o n  Leve l s  as a F u n c t i o n  
o f  Pan P o s i t i o n  (Hegarads/Hour) 

Pan Number 
(No. 1 a t  t o p )  

1 

2 

3 
4 

Run 1 Run 2 

High  Leve l  Low Level  High  Level  Low Level  

1.17 0.56 1.14 0.55 

1.28 0.68 1.25 0.66 

1.26 0.43 1.23 0.42 

1.30 0.58 1.27 0.57 
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s t e e l ,  b a s e d  on d o s i m e t e r s  1 4  and 15. The r e d u c t i o n  t h r o u g h  t r a n s i t e ,  

s y s t e m  T, was b a s e d  on t h e  d e n s i t y  r a t i o  of  abou t  4 between t r a n s i t e  and 

s t e e l  and a v a l u e  of  1% was used.  The d i f f e r e n c e  between s y s t e m s  D ,  E 

and F, and system C ,  each 318-inch-thick s t e e l ,  r e s u l t s  from t h e  un- 

s y m m e t r i c a l  placement  of s o u r c e  p e n c i l s  r e l a t i v e  t o  t h e  p a n e l s ,  s h a d w -  

i n g  of  r a d i a t i o n  by d i f f e r e n t  p a r t s  of  t h e  assembled v e s s e l ,  and t h e  

n o n l i n e a r  r a d i a t i o n  f l u x  f i e l d  i n  t h e  v e r t i c a l  d i r e c t i o n .  

T a b l e  2 p r e s e n t s  a summary of  t h e  accumulated t o t a l  d o s e  of  r a d i a -  

t i o n  r e c e i v e d  by t h e  samples .  

shows t h e  d o s e  r a t e s  w i t h  a f u l l  l o a d  of s o u r c e  p e n c i l s ;  t h e  column 

headed "Dose Rate - Low Level" shows t h e  dose  w i t h  s o u r c e  p e n c i l s  re- 

moved. The v a l u e s  i n  t h e s e  columns were o b t a i n e d  from t h e  results of 

T a b l e  l w i t h  t h e  dose  r a t e  f o r  t h e  i n s i d e  f a c e ,  s i d e  2 o r  3,  away from t h e  

s o u r c e ,  computed by r e d u c i n g  t h e  v a l u e  f o r  t h e  o u t s i d e  f a c e ,  s i d e  1, by  

t h e  a p p r o p r i a t e  r e d u c t i o n  f a c t o r .  

r a d s )  f o r  t h e  f r o n t s  and backs  of  t h e  samples  was o b t a i n e d  by m u l t i -  

p l y i n g  t h e  h i g h  and low dose ra tes  by t h e  d u r a t i o n  of  each and summing. 

The r a d i a t i o n  dose r e c e i v e d  on t h e  s i d e s  of t h e  c o n c r e t e  s a m p l e s ,  s i d e s  

2 and 4 ,  can b e  o b t a i n e d  by l i n e a r  i n t e r p o l a t i o n  of  t h e  d o s e s  r e c e i v e d  

by s i d e s  1 and 3.  The samples  were exposed t o  t h e  h i g h  l e v e l  of r a d i a t i o n  

f o r  1 h o u r  d u r i n g  Runs 1 and 2 and t o  l o w - l e v e l  r a d i a t i o n  f o r  168 h o u r s  

d u r i n g  Run 1 and f o r  166 h o u r s  d u r i n g  Run 2 .  

The column headed "Dose Rate - High Level’’  

The accumulated t o t a l  dose  ( i n  mega- 
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Accumulated 
T o t a l  D 

Table 2. Summary o f  Accumulated Total Dose o f  Gamma 
Radiation Exposure Received by Test Specimens 

e (Mrad) -- Sample 
No. 

A- I 
A- 2 
A- 3 
A - 4  
A-5 
A-6 
A - 7  
A- 8 
8- 1 
B-2 
6- 3 
0-4 
8-5 
8-6  
8-7 
8-8 

c-  1 
c - 2  
c - 3  
C-4 
c-5 
C-6 
C - 7  
C-8 

D- 1 
D- 2 
D-3 
0-4 
0-5  
0-6  
D-7 
D- 8 

E- 1 
E-2 
E-3 
E-4  

F- 1 
F-2 
F -  3 
F-4 
F-5 
F-6 
F- 7 
F-8 

C- 1 
G-2 
C- 3 
C-4 
6-5 
C-6 
6-7 
6-8 
C - 9  

- 

T- I 
T- 1 - 

1 I 

Run 
flo * 

1 
1 
1 
2 
2 
2 
1 
2 

1 
1 
1 
2 
2 
2 
1 
2 

- 

i 
i 
i 
i 1 

2 
2 

1 
1 
2 
2 
1 
1 
2 
2 

i 
2 

1 
1 

1 
2 - 

It 

11 

Dose Rate  (Hrad/hr) 

I 

i i g h  L e v e l  - 

I I, I 

Lou Level  

Y 

- 
Froni  

I 

0 .56  

t 

I 

1 
i 

0.55 

0.56 

0.58 

0.55 

0.57 

0.58 
0.57 

0.43 

I 
i 
I 
1 

0.42 

0.56 

0.55 

0.58 
t 

0.57 

i 
0.68 

t 
0.66 

t 
0.68 

0. t 6 

I 
0.68 

I 
I 

3.66 

3.58 

3.58 
3.57 - 

, 

Rack 

I, 

0.47 

I 
1 

1 
1 

0.46 

0.47 
0.46 

0.49 

0.48 

0.49 
0.48 

0.40 

0.54 

I 
1 

3.53 

1.56 

1.55 

1.66 
4 

1.64 
t 

1.66 
t 

).64 

t 
).68 

t 

i 

1 
I 

1.66 

).58 

).57 
).56 - 

F r o n t  

95  

9 2  

95  
92  

9 8  

96  

9 8  
9 6  

74 

I 
1 

I 
1 

i 
I 
1 

I 

71 

95  

92  

98 
t 

96  

115 

1 1 1  

115 

1 1 1  

115 

4 
t 

t 
t 

+ 
I 
1 

I l l  

9 8  

98 
96  
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VI. TEST DESCRIPTION 

Although the test requirements of NAS 361 specified that all panels 

be subjected to the DBA environment at the same time, the limited size 

of the test vessel made it necessary to make two test runs to satisfy 

the most important test parameters: uniformity of irradiation (at least 

on one side of the panels) and dose rate profile. The samples tested in 

the two runs are listed below: 

Run 1 (28  panels) 

A - 1 ,  2 ,  3 and 7 

B - 1 ,  2 ,  3 and 7 

C-1, 2 ,  3 and 4 

D-1, 2 ,  3 and 4 

E-1 and 2 

F-1, 2, 5 and 6 

G-1, 2 ,  3, 4 and 9 

T-1 

Run 2 (27 panels) 

A-4, 5 ,  6 and 8 

B-4, 5, 6 and 8 

C - 5 ,  6,  7 and 8 

D-5, 6, 7 and 8 

E-3 and 4 

F-3, 4, 7 and 8 

G-5, 6, 7 and 8 

T-1 

A .  R u n  1 

The test vessel was positioned in the CO-60 source ring, and the in- 

ner vessel was maintained at 104°F at atmospheric pressure for approxi- 

mately two days, 

To initiate the test, steam was admitted rapidly to the vessel 

causing an increase in pressure and temperature to 45 psig and 290°F 

within 50 seconds. Over the next 28 minutes, the vessel pressure was 

maintained at 45 +3 - psig and the temperature at 300’F. 

temperature were then decreased to 4 psig and 84°F over the next 25 

minutes. The temperature was not maintained at the specified level of 

140°F because of a short circuit on the heater connections. From this 

point until the end of the fourth day of testing the temperature re- 

mained at 75°F with occasional rises to 82’F, depending on the temperature 

The pressure and 
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of t h e  water i n  t h e  s t o r a g e  p o o l .  

c i r c u i t  was r e p a i r e d  and t h e  t e m p e r a t u r e  was m a i n t a i n e d  a t  105" t 2 " F  f o r  

t h e  remain ing  t h r e e  d a y s .  

t h r o u g h o u t  t h e  test a f t e r  i t  had dropped t o  4 p s i g  a t  53 m i n u t e s .  

F i g u r e s  7 and 8 show t h e  t e m p e r a t u r e  and p r e s s u r e  p r o f i l e s ,  r e s p e c t i v e l y .  

A t  t h e  end of t h e  f o u r t h  day t h e  h e a t e r  

The p r e s s u r e  remained between 3 and 11 p s i g  

The f i r s t  s p r a y  s o l u t i o n  was t u r n e d  on a t  a r a t e  of 2 gpm 50 seconds  

a f t e r  steam i n j e c t i o n  and was r u n  through t h e  system once  and n o t  r e c i r -  

c u l a t e d .  A t  5 minutes  t h e  f i r s t  s o l u t i o n  was purged and t h e  second s o l u -  

t i o n  was i n t r o d u c e d ,  The second s o l u t i o n  was sprayed  f o r  73  m i n u t e s  a t  

a r a t e  of a p p r o x i m a t e l y  1-112 gpm, b e i n g  pumped s t r a i g h t  th rough f o r  t h e  

f i r s t  4 3  minutes  and then  r e c i r c u l a t e d  f o r  30 minutes .  The t h i r d  s o l u t i o n  

was s p r a y e d  a t  a rate of  1-112 gpm f o r  t h e  remainder  of t h e  t es t  p e r i o d ,  

r e c i r c u l a t i o n  b e i n g  s t a r t e d  a f t e r  t h e  f i r s t  1 2  minutes  of  u s e .  F i g u r e  9 

shows t h e  p e r i o d s  d u r i n g  which t h e  s p r a y  sys tem o p e r a t e d ,  

The pumps were s h u t  o f f  a t  several  i n t e r v a l s  f o r  a t o t a l  of 36 h o u r s  

d u r i n g  t h e  test t o  r e d u c e  t h e  i n l e t  t e m p e r a t u r e  t o  t h e  i m p e l l e r  and elim- 

i n  a t e  c a v i  t a t  i on. 

B. Run 2 

The t es t  vessel  was p l a c e d  i n  t h e  p o o l  a d j a c e n t  t o  t h e  CO-60 s o u r c e  

r i n g  approximate ly  f o u r  h o u r s  b e f o r e  t h e  test  s t a r t e d ,  The chamber was 

p r e h e a t e d  a t  110°F f o r  two h o u r s ,  The sys tem w a s  p r e s s u r e - t e s t e d  a t  45 

p s i g  t o  check f o r  l e a k s ,  

To i n i t i a t e  t h e  test ,  steam was a d m i t t e d  r a p i d l y  t o  t h e  chamber 

c a u s i n g  t h e  t e m p e r a t u r e  t o  i n c r e a s e  t o  280°F i n  4 .6  seconds  and t h e  p r e s -  

s u r e  t o  45 p s i g  i n  9 . 4 5  seconds .  The s p r a y  r a i l  s y s t e m  w a s  t u r n e d  on 1 2  

seconds  a f t e r  t h e  t es t  began a t  a f low r a t e  of 1 - 1 / 2  gpm. The tempera- 

t u r e  rise c o n t i n u e d ,  peaked t o  312°F a f t e r  22 s e c o n d s ,  was reduced t o  236 °F  

a t  1 .8  m i n u t e s ,  and b r o u g h t  up t o  280°F a t  1 .9  m i n u t e s ,  

peaked t o  48 p s i g  a t  11 seconds ,  dropped t o  34 .5  p s i g  a t  1 4  s e c o n d s ,  t h e n  

o s c i l l a t e d  between 35 and 50 p s i g  u n t i l  t h e  r e g u l a t o r  took o v e r  c o n t r o l  

and m a i n t a i n e d  t h e  p r e s s u r e  a t  44 a 1  p s i g  a f t e r  2 minutes .  

The p r e s s u r e  

F i g u r e s  10 and 11 show t h e  t e m p e r a t u r e  and p r e s s u r e  p r o f i l e s ,  re- 

s p e c t i v e l y .  F i g u r e  12 shows t h e  p e r i o d s  d u r i n g  which t h e  s p r a y  o p e r a t e d .  
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The f i r s t  s o l u t i o n  of chemical s p r a y  was used du r ing  t h e  f i r s t  5 

minutes  of t h e  run w i thou t  be ing  r e c i r c u l a t e d .  

used d u r i n g  t h e  next  65 minutes ,  r e c i r c u l a t i o n  be ing  i n i t i a t e d  a f t e r  

t h e  f i r s t  10 minutes of use.  The t h i r d  s o l u t i o n  was used i n  t h e  r e c i r -  

c u l a t i o n  mode throughout  t h e  remainder of t h e  test .  

The second s o l u t i o n  was 

The drop i n  p r e s s u r e  and tempera ture  t o  5 ps ig /140 °F  began 40 min- 

utes a f t e r  t h e  test  began. 

The v e s s e l  was taken o u t  of t h e  h igh  r a d i a t i o n  f i e l d  90 minutes  a f t e r  

t h e  test s t a r t e d .  Twenty-one minutes  were requ i r ed  t o  change t h e  source  

f i e l d  from t h e  h igh  t o  low l e v e l ,  dur ing  which time s e v e r a l  l i n e s  t o  the  

v e s s e l  were d isconnec ted ,  i n c l u d i n g  those  from t h e  sp ray  sys t em.  Thus, 

s t e a d y - s t a t e  o p e r a t i o n  i n  t h e  low source  f i e l d  was e s t a b l i s h e d  1 hour 

and 51 minutes  a f t e r  t h e  test  was begun. 

A f t e r  t h e  change i n  t h e  sou rce  f i e l d  was made, t h e  flow was main- 

t a i n e d  p rope r ly  except  f o r  s e v e r a l  i n t e r v a l s  when t h e  pump was s h u t  o f f  

f o r  a t o t a l  of 4 hours  and 15 minutes.  
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V I  I ,  PERFORMANCE E V A L U A T I O r I  

A .  RUN 1 

The v e s s e l  was removed from t h e  p o o l  and d i sa s sembled  a t  t h e  con- 

c l u s i o n  of t h e  exposure  p e r i o d .  The f o l l o w i n g  g e n e r a l  o b s e r v a t i o n s  were 

made as t h e  samples were removed from t h e  pan s u p p o r t  system. 

1. P a n e l s  appea red  i n  good c o n d i t i o n  and n o t  s u b s t a n t i a l l y  de- 

2, The t o p  c o a t  was s o f t  t o  t h e  touch  i n  t h e  l i q u i d  p h a s e  on ly .  

3 .  The C-system p a n e l s  had changed i n  c o l o r  from w h i t e  t o  cream. 

4 .  Sample B-3 had t h r e e  b l i s t e r s  of 318-inch d i a m e t e r  on s i d e  2.  

5. 

g raded ,  

Sample E-2 had a 114-inch-diameter  b l i s t e r  i n  t h e  l i q u i d  phase  
and d e l a m i n a t i o n  a l o n g  t h e  s c r i b e d  l i n e  and n e a r  t h e  t a g  h o l e .  
De lamina t ion  was obse rved  on E-1, b u t  t o  a lesser d e g r e e .  

6. Samples G-2, 3 and 9 were b l i s t e r e d ,  b u t  n o t  s e r i o u s l y .  

F i g u r e  1 3  i s  a pho tograph  o f  t h e  samples a t  t h e  t i m e  of t h e s e  o b s e r v a t i o n s .  

T a b l e  3a summarizes t h e  r e s u l t s  of t h e  i n i t i a l  e v a l u a t i o n  which 

was conducted seven  days a f t e r  t h e  s t a r t  of t h e  t es t .  T a b l e  3b summarizes 

t h e  resul ts  f o r  t h e  f i n a l  e v a l u a t i o n  conducted 1 4  d a y s  a f t e r  t h e  i n i t i a l  

e v a l u a t i o n ,  T h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  r e s u l t s  o f  

t h e  i n i t i a l  and f i n a l  e v a l u a t i o n s .  The d a t a  s h e e t s  f o r  e a c h  e v a l u a t i o n  

a re  i n c l u d e d  i n  Appendix B. F i g u r e s  14a  t h r o u g h  c are pho tographs  of 

t h e  samples  a f t e r  t h e  i n i t i a l  e v a l u a t i o n  was made, showing t h e  s i d e  

e v a l u a t e d  , 

B. RUN 2 

A t  t h e  end of  t h e  seven-day e x p o s u r e  p e r i o d ,  t h e  v e s s e l  was removed 

from t h e  poo l  and t h e  samples  i n s p e c t e d ,  An i n i t i a l  e v a l u a t i o n  was con- 

d u c t e d  a t  t h a t  time and a f i n a l  e v a l u a t i o n  was conduc ted  1 4  days  l a t e r .  
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Table 4a summarizes the  r e s u l t s  of the  i n i t i a l  evaluat ion,  and Table 4b 

the r e s u l t s  of the f i n a l  eva lua t ion .  Figures 15a through c are photo- 

graphs of the  samples a f t e r  the f i n a l  eva lua t ion ,  showing t h e  s i d e  eva l -  

uated. Appendix B contains  the data shee t s  of the sample eva lua t ions .  
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Figure  13, Samples Removed From Support System A f t e r  Seven-Day Exposure 
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Table 3a. 

S u p l e  No. 

A-1 

A-2 

A- 3 

A- 7 

B- 1 

8-2 

B- 3 

8-7 

01 

c-2 

0 3  

0 4  

D-1 

D-2 

D-3 

b4 
E-1 

E-2 

I- 1 

I- 2 
1-5 

1-6 

0-1 

0 2  

c-3 

G 4  

&9 

T- 1 

Summary o f  I n i t i a l  Evaluat ion o f  Coa t ing  System 
Performance f o r  Run 1 

- 
S i d e  

2 

1 
2 

1 

2 

1 

3 

3 

1 
2 

1 
2 

1 
2 
1 
2 

1 

2 

2 

1 

1 

- 

1 

1 

1 

1 

1 

1 

2 

1 

1 

2 
1 

1 

1 - 

NOTE: N =  NONE 

Chalkinl’ 

N 
9+V 

9 

9.5 

N 

N 
N 

1o- 

lo- 
p+ 

10- 
9.5 

10- 
9 

N 
9 

8 

N 

9+ 

9 .5  

9 .5  

9.5 

N 
N 
N 
N 

N 

9.5 

9.5 

9 .5  

7 

B l i r t r r i n g *  

88I 

81-L 
7 I  

m a  1/16" d U  
two 1/32" dia 

9H 

91-L 

t h r r r  1/4" to 1/2" 
d i r  

r r v r r a l  1/32" t o  
3/16’’ d i a  

N 
N 
81 
1 

N 
N 
N 
N 
N 

<QQ) 

A I - V  

7n 
one 5 /16’ ’  d i a  
two 1/32" dia 

N 

m 
acD 

N 
N 

one 110’’ d i a  
81-L 

(M 

broken 
mr 114’’ d i a  

7 a long  r c r i b r  

P l P )  
ma 114’’ d i a  

broken 

(M-L - 

- 
N 

I l r k i n g  
~ 

N 

N 
I 
N 

N 

N 

N 

N 

N 
N 
N 
N 

N 
N 
N 
N 
N 

N 
N 
N 
N 

N 
N 
N 
N 
N 

N 

N 

N 

N - 

- 
N 

N 
N 
N 

R 

R 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 

Sur f r ca  break 
around t ag  ho le ;  
ru r f ace  r a i r r d  
a l w g  r c r i b r  

N 
N 
N 
11 
N 
N 

N 

hit i n  r c r i b e  

P r a l i n s  U cornor 
11 16" I I/ 2" 
r r r a  

m i t e  fo re ign  mub- 
r t a n c r  i n  r c r i b r ;  
au r face  r a i r r d  
along r c r i b r  

Both midrr corroded 

N 

N 

*V-vapor phare ;  L-liquid phase. 
tRa fe r r  t o  deRrrdation of coa t inn  avrtem determined by v i s u a l  i napec t l en ;  

r p r c i f i c a l l y ,  dc lamlna t lon ,  pee l ing ,  c rackin8  and chrckin8. 
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T a b l e  3b. Summary of F i n a l  E v a l u a t i o n  of  C o a t i n g  System 
Pe r fo rmance  f o r  Run 1 

NOTE: N= NONE 

W-vrpor phase; L - l i q u i d  phase. 
t R e f e r s  to  deg rada t ion  o f  c o a t i n g  s y s t e m  de termined  by v i s u a l  i n s p e c t i o n ;  

s p e c i f i c a l l y ,  de l amina t ion ,  pee l  lng ,  c r a c k i n g  o r  checking .  
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F i g u r e  14a .  H a l f - S i z e  Photograph o f  S i d e  1 o f  System C and the Evalua ted  S i d e  o f  
Systems A and B ,  Taken A f t e r  I n i t i a l  E v a l u a t i o n  Following R u n  1 



c3 c 4  

Figure  14b. Ha l f -S ize  Photograph o f  Side 2 o f  System c A f t e r  the 
I n i t i a l  Evaluat ion Following Run 1 



Figure  14c. H a l f - S i z e  Photograph  o f  Side Evaluated A f t e r  the I n i t i a l  E v a l u a t i o n  
Following Run 1 f o r  Systems D, E, f ,  G and T 
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Table  4a. Summary of I n i t i a l  Evalua t ion  of Coating System Performance 
f o r  R u n  2 

Note: N = None 
~- ~~~~ 

Sample No. 

A-4  

A- 5 

A-6 

A-8 

B-4 

m-5 

B-6 

B-8  

c -5  

C-6 

C-7 

C- 8 

D-5 
D-6 

D-7 

D-8 

E-3 

E-4 

P- 3 

P-4 

P- 7 

P- 8 

c-5 

C-6 

C-7 

G-8 

I 

T-1 

$0 i dc 

3 

1 

1 

1 

2 

1 

1 

4 

1 
2 

1 

2 

1 

2 

1 
2 
1 

1 

2 

1 

1 

1 

1 

1 
1 

2 

1 

2 

2 

1 

1 

C b l k i n g *  

9 

9 

9 

9 

N 

8 

N 

9 

6 
8 - V  

9 

7 

7 

9 

7 
9 

6 

6-L 

N 

N 

6-L 

8 - L  

N 

N 

N 

&L 

6-L 

8 - L  

- 
9 
N 

B l i s t e r i n g *  

6D 

7 <w 
6H 

N 

60  

82H 

6F 

one 1/16" d i ,  

one 1 / 4 " d i a  
N 

6W-V 
6F-L 

N 

8H 

N 
6H 

N 

8F-V 

8> F 

6F 

6H 

2> F 

2H 

3w 
5M 
N 

22H-L 

2M-L 

6> F - 
m 

N 

F lak ing  

N 

N 

N 

N 

N 

wo a reas  

N 

N 

N 
N 
N 

N 
N 

N 
N 
N 
N 

N 

N 
N 

N 
N 

N 

N 

N 

N 
N 

N 
- 
N 

N 

Other? 

H 
N 

N 
N 

N 

1 /16"x1 /8"  and 
1 / 8 " ~ 3 / 1 6 "  f l akcd  

1/2" d i a  area of  
cop coa t  pee l ed  o f f  

N 
N 
N 

N 

N 

1/2"  d i a  area a t  veld 
b l i s t e r e d  

N 
N 
N 
N 
N 

N 

N 

N 

Del lminat ion d o n g  
s c r i b e  

N 

N 

N 

N 
N 
N - 
H 

N 

*V-vapor phase; L r l i q u i d  phase.  
+%fe r s  t o  deg rada t ion  of c o a t i n g  system d e t e m i n e d  by  v i e u a l  i n s p e c t i o n ;  

I P r a c t i c a l l y  a l l  delaminated w i t h  one - th i rd  f l aked  o f f  expoeing s u b s t r a t e .  
s p e c i f i c a l l y ,  de l amina t ion ,  p e e l i n g ,  c r ack ing  or checking,  
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- 
Sample No. 

A- 4 
A- 5 
A- 6 
A- 8 
6-4 
D - 5  
8-6 

B- 8 
c-5 

C-6 

c-7 

T a b l e  4b. Suniinary o f  F i n a l  E v a l u a t i o n  o f  C o a t i n g  System Performance 
for  Run 2 

Note :  II = Fjone 

70 
7 < M D  
6 M D  

N 
5;MD 
~ M D  

6 M  

one 1/14"dia 
El 
14 

4 F - L  
N 
N 
N 

6 F - V  
6 M -  L 

tl 
8F 
8 M  

7F-L  
6M 

2 > F  
2>M 

2 M D  
4 M 6 8 F  

N 

3 M - L  
2F-L 
6 F - V  
8 F - L  

8 M D  
N 

~ M D -  v 

- 

N 
N 
N 
t i  
El 

1 / 8 x  1 /411a r e a  
El 

I4 
N 
N 

C - 8  

D- 5 
D- 6 
D- 7 
D- 8 
E-3  
E-4 

F-  3 
F -4 
F- 7 

F-8  
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s p e c i f i c a l l y ,  d e l a m i n a t i o n ,  p e e l i n g ,  c r a c k i n g  o r  c h e c k i n g .  
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Figure 15a. H a l f - S i z e  Photograph o f  Side 1 o f  System C and the Eva lua ted  Side of 
Systems A and �3, Taken A f t e r  t he  F i n a l  E v a l u a t i o n  Following Run 2 
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Figure 15b. Half-Sire  Photograph o f  Side 2 o f  System C A f t e r  the 
F i n a l  Evaluation Following Run 2 
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F-C3486 

V I I I .  SUMMARY AND CONCLUSIONS 

Samples of coating systems applied to concrete blocks and steel 

panels and 1 uncoated transite panel were submitted for qualifica- 

tion testing under environmental conditions designed to simulate a De- 

sign Basis Accident (DBA). Samples were exposed simultaneously to gamma 

radiation, steam, and chemical spray. 

One-half of the samples were exposed during each of two runse 

During the first run the initial rise time to high pressure and tem- 

perature took five times longer than the specified rise time, and sub- 

sequent steady-state conditions deviated substantially from the spaci- 

fied conditions. 

The second run was successful in meeting the test requirements, and 

the samples tested were considered to have undergone the specified exposure, 

which encompassed the postulated accident conditions. 

The coating systems were evaluated in accordance with ASTN standards 

for blistering, chalking, flaking, delamination and cracking. Determina- 

tion of the acceptability of the coatings for nuclear application was 

not within the scope of this study. 

8- 1 
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Stone C Webstcr Eng. Corp., Engrs.  

GENERAL 

The purpose of t h e  s p e c i f i c a t i o n  i s  t o  dz f i c r ihe  the 
r e q u i r e m e n t s  fo r  a t es t  program f o r  p r o t e c t i v e  so2 t:inq ::y.;+nms 
proposed  f o r  use i n  the c a l c u l a t e d  Design B a s i s  Acci t ien t  
e n v i r o m e n t .  The c o a t i n g  s y s t e m s  cove red  by t h i s  s p : i c i f i c & t i o n  
may be used f o r  c o a t i n g  s u r f a c e s  w i t h i n  the c ~ n t a f n r x r n t  
structures of a n u c l e a r  p w e r  p l a n t  i f  found s a t i s f a c t Q y y .  

Coa t ing  System - refers t o  t h e  substrate, i t s  surface 
p r e p a r a t i o n  p r i o r  t o  c o a t i n g ,  and  t h e  t o p c o a t s .  

DEA - The Dcslgn B a s i s  A c c i d e n t  i s  a d o u b l e  ended  rup:-ucj of 
t h e  larcpst. p r i m a r y  l o o p  p i p e  of a p r e s s u r . i z e d  water r e a c t o r  
which r e s u l t s  i n  a sudden l o s s  of c o o l a n t  froni t h e  p r i m a r y  
sys tem.  

11 

15  

17 

2 1  

23 

27 

3 2  
3 3  
3 4 
35  
36 

39 

42 

116 
47 

49 

5 1  
52 

5 4 
5 5  

59 

A.  1-2 



S’I’kVIDARD SPECIFICATIONS - 
The fo l lo i f ing  abbrev ia t iozs  refer t o  t h e  o q c n i z a t i o n s  - i n d i c a t e d ?  

A N S I  - American Na t iona l  S t a n d m d s  1 n s t . i t u t e  
1430 Croadway, N e w  Yorlc, N.Y. 10a18 

ASTM - hmcr icnn  S o c i e t y  for T c s t h g  and ! . l a te r ia l s  
1916 R x e  S t . ,  Philadelphia, PL. 59103 

SSPC - Steel S t r u c t u r e s  Pa in t ing  Council 
4 4 0 0  F i f t h  Ave., P i t t c h u r g h ,  Pa. 15213 

SCOPE OF WORK ---- 
DBA Environrnnnt T e s t  

- The t e s t i n g  l a b o r a t o r i e s  s h a l l  f u x n i s h  f a c i l i t i e s ,  
app,-..ratus, aqd  pc?rz;onn:?l t o  supervise and  uerforni a DLi?b 
environment test on c o a t e d  tes t  p d ~ e 3 . s  ir! zccordanc-<: i ; i t h  this 
s p e c i f i c a t i o n .  

66 

’ I  0 
7 1  
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’I 4 

80 
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8 9  
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95 
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1 0 0  
1 0 1  
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3. 

Tables 1, t h r o u g h  IV i n d i c a t e  t-h:? c;;lcuJ.ated set cf 
condition: which iiiust be s i : u i l a t e d  Lor this test. 

Test P z n e l  Dcscrj .ption --- 

Table 

I . D .  
NO. 

A l - A a  

-- 

B l - B 8  

C 1-C8 

Dl-DO 
;*: 1 -Elk 

Detaileci d e s c r i p t i o n s  of test panels  are ccr i ta ined  i r :  
I of S p e c i f i c a t i o n  ~T’!.?s-,164. 

S u b s t r a t e  

C o r i c r  e t e  

-- 

Concrete 

Steel 

137 

125 

1 5 0  

1 3 4 

1 3 6  

1 3 8  
1 3 9  

1 4 2  
1 1: 3 

1 ,I I! 

1 ii. 
i I+ 7 
1 4 8  
145 

1 5 1  
152 

156 

:59  
1 6 0  

1 6 5  
I G G  
1 6 7  
1Gd 

1 -1 3 
1 7  1 
1 7 2  
1 7 5  
1 7 6  
1 7 7  
1 e c  
1 8 ?  
1 2 2  

1Cb 
7 t: 7 
1 A D  
1 8 9  

, , * ,  
I <, L) 
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4. 

Pcrforman$-c EvaJ.uat i oil of T e s t  P;:!leI.s .-.---,-----.---- 

P e r f o r m a n c e  evaluation of the spec i f i ed  f a c e s  of tes t  
pane l s  s h l l  he c o n d u c t e d  a t  Ahc c o n c l u s i o n  of the  DDA 
C ~ i v i x c m i m t  zes t  and  a g a i n  a t  f o u r t e e n  days a f t e r  t h e  c o n c l u s i o n  
of this tes t .  Il_’.hc f i r s t  evaluation shall be made a s  s o o n  a f t e r  
t h e  t e r m i n a t i o n  of the  l e s t  as  p r z c t i c a l ,  p r e f e r a b l y  within 
15 min. During t h i s  f o u r t e e n  d a y  period, t e s t  p a n e l s  will be 
permitteZ--to dry ir~ air a t  room arnbicrit c o n d i t i o n s .  

- Pcrfonna.ncc e v a l u a t i o n s  shall be fo r  t h e  p u r p o s e  of 
d c f i n j r i g  t h e  degree of:  

- I  1, F l a k i n g  by ASTH D772, Evalua t ing  Pegree of Resistance to 
F l a k i n g  (Scaling) of E x t e r i o r  Paints 

Degree of B l i s t e r i n g  of P a i n t s .  

- 3 .  C l ~ a l k i i i g  by ASTM DG59, S t a n d a r d  Method o f  Evall.ustiiig 
Degree of’ R e s i s t a n c e  - t o  Chalking of E x t e r i o r  P a i n t s .  

- 4. D e l a m i n a t i c n ,  p e e l i n g ,  o r  a n y  o t h e r  c h a n g e s  i n  c m t i n g  
p r o p e r t i  c s  a s s o c i a t e d  w i t h  t h e  r e l e a s e  of i n d i v i d u d l  
c o a t s  o r  t h e  cost i r !?  syFtc .n  from tihe s u b s t r a t e ,  b z c e d  3 r i  

v i s u a l  ins7ec t ion .  

- 2 ,  B l i s t e r i n g  by I’iS’iii 0 7 1 4 ,  S t a n d a r d  Nethod of E v a l u a t i n g  

I f  rmre tr’ian on:! f a c z  h a s  been  s p e c i f i e d  unclcr ’’Yp:.jE A I Panel  U e s c r i p t i o n , f t  w r i t t e n  p e r f o r m a n c e  e v a l u a t i o n s  s h a l l  p e r h i n  
- to t h a t  face which  d e m o n s t r a t e s  t h e  l e a s t  s a t i s f a c t o r y  
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NAS 364  - S p e c i f i c a t i o n  f o r  Test P a n e l s  f o r  Design Basis 
Accident  Environment Test f o r  Nor th  Anna Power S t a t i o n  
1975 Extens ion  - North Anna Power S t a t i o n ,  V i r g i n i a  Elec-  
t r i c  and Power Company, Richmond, V i r g i n i a  
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S P E C I F I C A T I O N  
FOR 

D E S I  - 

1975 
V I  - 

TEST PANELS 
FOR 

:GN B A S I S  ACC 

NORTH ANN 

: R G I N I A  ELECT 
EXTZSION - 

D E S I G N  B A S I S  ACCIDENT ENVIRONMENT TEST 
FOR 

NORTH ANNA POWER STATION 
1975 EXTZSION - NORTH ANNA POWER STATION 

V I R G I N I A  ELECTRIC AND POWER COMPANY 

IDENT ENVIRONMENT TEST 

’A POWER STATION 
FOR 

NORTH ANNA POWER 
R I C  AND POWER COM 

T I O N  
Y 
- - 

Stone C Webster Eng. C o r p . ,  Engrs, Boston, Mass. 
March 13, 1972  

R e v i s e d  May 19, 1972 
Revised J u n e  19 ,  1972 
Revised August 4, 1972 

GENERAL 

The purpose of t h i s  s p e c i f i c a t i o n  is  t o  d e s c r i b e  t h e  
requiremezts for furnishing tes t  p n e l s  to be u s e d  i n  a Design 
Basis A c c i d e n t  envi ronment  test ,  The cnat ing systems c o v e r e d  by 
t h i s  s p e c i f i c a t i o n  may b e  used for z o a t i r i g  s u r f a c e s  w i t h i n  t h e  
c o n t a i n m e n t  - structures of a n u c l e a r  power p l a n t  i f  found 
satisfactory. 

D E F I N I T I O N S  

Coat ing  System - Refers t o  t h e  s u b s t r a t e ,  its surface p repxa - .  
tion p r i o r  t o  coating, and the topcoats. 

DBA - T h e  Des ign  Basis A c c i d e n t  i s  a double ended 
- rupture of the l a rges t  p r i m r y  loop pipe of 
pressurized water reactor wh ich  r e s u l t s  i n  a 
sudden loss of c o o l a n t  from the primary 
system, 

DBA Envi ronment  - The p a r t i c u l a r  set of condi t iof is  within t h e  
- reactor con ta in inen t  structure d u r i n g  and a f t e r  
a DBA, c h a r a c t e r i z e d  by the temperature- and 
p r e s s u r e  v e r s u s  t i m e  c u r v e s ,  c h e m i c a l  spray, 
and i r r a d i a t i o n  - l e v e l s  descr ibed  he re in .  

DFT - The Dry F i l m  T h i c k n e s s  is  the d e p t h  of a 
- c o a t i n g  or c o a t i n g  system, when dry, expressed 
- i n  m i l s  (0 .001 inch)  . 
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F i n i s h  Coat - Refers t o  t h e  topcoat or topcoats a p p l i e d  over 
- a prime c o a t .  Coa t ing  mater ia ls  des igned  as  
f i n i s h  c o a t s  - may, under  c e r t a i n  c i rcumstances ,  
be a p p l i e d  d i r e c t l y  t o  s u b s t r a t e s  where 
service c o n d i t i o n s  d=, n o t  r e q u i r e  the use of a 
prime coat. 

Prime C o a t  - Refers to t h e  i n i t i a l  t o p c o a t  a p p l i e d  t o  a 
- s u b s t r a t e .  Coat ing  materials des igned  as 
prime coats may n o t  g e n e r a l l y  be used as 
f i n i s h  coats .  

- A P r e s s u r i z e d  Water Reactor is a n u c l e a r  reac- 
t o r  t h a t  u s e s  l i q u i d  u d e r  h i g h  p r e s s u r e  a s  
a mode rator/cooian t. 

- STANDARD SP ECI  FI CAT1 03s 

The fo l lowing  a b b r e v i a t i o n s  refer t o  t h e  o r g a n i z a t i o n s  
i n d i c a t e d :  

SSPC - Steel S t r u c t u r e s  P a i n t i n g  Counci l  
4400 F i f t h  Avenue 
P i t t s b u r g h ,  Pa. 15213 

ASTM - American Society for T e s t i n g  of M a t e r i a l s  
191C Race Street  
P h i l a d e l p h i a ,  Pa. 1 9  103 

AWS - American Welding Society 
2501 N.W. Seventh S t ree t  
Miami, Fla.  33125 

ANSI - American Na t iona l  S t a n d a r d s  I n s t i t u t e  
1430 Broadway 
N e w  York, New York 10018 

SCOPE OF WORK 

Fabricate,  p r e p a r e ,  coat ,  and f u r n i s h ,  masonry a n d  steel 
tes t  p a n e i s  i n  accordance  w i t h  t h i s  s p e c i f i c a t i o n ,  and  w i t h  t h e  
c o a t i n g  sys tems c o n t a i n e d  i n  Table I. F u r n i s h  i n s p e c t i o n  r e p o r t s  
i n  accordance  w i t h  t h i s  s p e c i f i c a t i o n .  

WORK NOT INCLUDED 

The DBA environment t e s t  s h a l l  be performed by others i n  
accordance  w i t h  t h e  S p e c i f i c a t i o n  f o r  T e s t i n g  of P r o t e c t i v e  
Coa t ings  fo r  Design B a s i s  A c c i d e n t  Environment, NAS-361. 

T e s t  p a n e l  m a t e r i a l  by o t h e r s ,  a s  required by Table I,  
w i l l  be f u r n i s h e d ,  p i c k l e d  on each  f a c e ,  and prime c o a t e d  on one 

60 
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face on ly  w i t h  Carbo Z inc  1 1 .  _This s teel  p l a t e  conforms t o  t h e  
S p e c i f i c a t i o n  f O r  Shop F a b r i c a t i o n  and F i e l d  E r e c t i o n  gf Reac tor  
Conta inment Steel P l a t e  Liner , NAS-4 1 .  

Coa t ing  materials, product i d e n t i t y  c e r t i f i c a t i o n ,  and 
c o a t i n g  a p p l i c a t i o n  p rocedures  w i l l  be f u r n i s h e d  by others. 

TEST PANEL REQUIREMENTS 

F a b r i c a t i o n  

Masonry P a n e l s  

Masonry p a n e l s  s h a l l  be made of c o n c r e t e  mixed in r a t i o  
to t h e  fo i lowing  p ropor t ions :  

Cement 6 5 8  lb  Lone S t a r  Type If 
Coarse Aggregate (Dry Basis) 1 8 4 6 5  l b  ASlTM c - 3 3 ,  No. 7 
F i n e  Aggregate (Dry Basis) 1 ,321  l b  ASTM C-33 
M. B. V. R 3 . 2  oz 
Water 4 2  ga l  

- and shall be permitted t o  c u r e  28  days  p r i o r  t o  c o a t i n g .  zorm 
o i l  or c u r i n g  compounds shall n o t  be used. 

Panel  dimensions s h a l l  be approximate ly  
4 i n .  x 2-in. x 2 in. Each p a n e l  shall be s l e e v e d  w i t h  s t a i n l e s s  
s teel  t o  p rov ide  a 118 i n .  d i m  hole, c e n t e r e d  a long  a 2 in .  
w id th ,  3 /4  i n .  gown from t h e  t o p  edge. 

Steel P a n e l s  

s tee l  p a n e l s  s h a l l  conform t o  t h e  material s p e c i f i c a t i o n  
and thickGess requi rements  of Table I. 

P a n e l s  sha l l  be saw c u t  and ground smooth t o  dimensions 
of approxzmately 4 in .  x 2 i n .  w i t h  rounded edges and  co rne r s .  
&I1 p a n e l s  s h a l l  be d r i l l e d  t o  provide a 1/8 in. dram hole 
c e n t e r e d  a l o n g  a 2 i n .  width,  314 i n .  down from t h e  top edge- 
- Care s h a l l  be t a k e n  t o  a s s u r e  the prime coat on  matcr ’ ia l  
f u r n i s h e d  by others  i s  n o t  damaged d u r i n g  panel  fabrication. 

T e s t  p a n e l s  used t o  s i m u l a t e  l i n e r  weld seams (see 
Table  I) s h a l l  be f a b r i c a t e d  a s  double panels, i . e .  bevelled and 
double b u t t  welded a t  a d j a c e n t  4 in. edges.  En i s  of welds  should 
be rouncied t o  t h e  con tour  of t h e  panel  edge. Completed welds  
s h a l l  checked  f o r  surface cracks w i t h  dye penetrant on t h e  
face t o  be topcoa ted  only .  Double panels showing ev idence  of 
s u r f a c e  c r a c k i n g  shall be rejected. Welding electrode shall be 
AWS, E70XX. 

1 2 2  
1 2 3  

1 2 5  
1 2 6  

1 2 9  

131 

1 3 3  

1 3 5  
1 3 6  

1 3 9  
1 4 0  
14 1 
1 4 2  
1 4 3  

1 4 7  

1 5 0  
1 5 1  

1 5 2  

1 5 5  

157  

160 
1 6 1  
1 6 2  

163  
164 

1 6 6  
1 6 7  
1 6 8  
1 6 9  

170 
17 I 
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T e s t  p a n e l s  f a b r i c a t e d  from material fu rn i shed  by 
o t h e r s ,  aKd which require f i n i s h  c o a t i n g  over t h e  prime c o a t  
a p p l i e d  by o t h e r s ,  s h a l l  not be used i f  t h e  pr ime coat DFT is  
g r e a t e r  t h a n  3.0 m i l s ,  as  r ece ived .  

P r e p a r a t i o n  

Masonry P a n e l s  

S u r f a c e  p r e p a r a t i o n  of  p a n e l s  used t o  simulate wal ls  and 
c e i l i n g s  ?see Tab le  I) g h a l l  c o n s i s t  of a board form f i n i s h ,  
c l e a n e d  of la i tance,  e f f l o r e s e n c e ,  and any o t h e r  loose or 
otherwise d e l e t e r i o u s  material. S u r f a c e  p r e p a r a t i o n  of pane i s  
used t o  s i m u l a t e  f loors  s h a l l  c o n s i s t  of t h e  same requi rements  
for F a l l s  and ceilings and, a d d i t i o n a l l y ,  a s s u r i n g  surfaces are 
roughed t o  the t ex ture  of medium f l i n t  sandpaper  t o  e l i m i n a t e  any 
ev idence  of a board form f i n i s h .  

Steel Panels 

S u r f a c e  p r e p a r a t i o n  of t e s t  p a n e l  material r e q u i r i n g  
b l a s t  c l e a n i n g  s h a l l  be accomplished by  dry a b r a s i v e  b l a s t  i n  
accordance  w i t h  t h e  r e q u i r e m e n t s  of Table  I. V i s u a l  e v a l u a t i o n  
t o  c o r r o b o r a t e  t h e  r e q u i r e d  d e g r e e  of s u r f a c e  p r e p a r a t i o n  s h a l l  
be accomplished by u se  of " p i c t o r i a l  s t anda rds , "  SSPC SP-VIS-1. 

surface p r e p a r a t i o n  of  tes t  p a n e l s  fabricate6 from 
material  z u r n i s h e d  by others, and which r e q u i r e  f i n i s h  c o a t i n g  
over the prime coat a p p l i e d  by o t h e r s ,  s h a l l  c o n s i s t  of removing 
d e l e t e r i o u s  materials s u c h  as mud, d i r t ,  g rease ,  rust s t a i n ,  and 
loose zinc. I n i t i a l l y ,  t h e  s u r f a c e  s h a l l  be scrubbed w i t h  a d r y ,  
s o f t  b r i s t l e d - b r u s h  t o  remove s u r f a c e  d i r t .  Loose z i n c  s h a l l  be 
removed by s and ing  or  rubbirig w i t h  f i n e  sc reen ing .  O the r  loose 
Contaminants shall be removed by washing or hosing wzth water, 
t i g h t  contaminants  by wire b rushing ,  and o i l  by wiping wi th  
t h i n n e r .  _Addit ional ly ,  for a r e a s  w h e r e  t h e  prime coat is less 
t h a n  2.0 m i l s ,  t h e  c o a t i n g  s h a l l  be c l e a n e d  as described and 
b u i l t  up t o  a total _minimum DFT of 2 .0  mils using a mixture  of up 
t o  one q u a r t  of Carbol ine  Thinner  go. 33 t o  one g a l l o n  of Carbo 
Zinc 11. 

I d e n t i f i c a t i o n  

Masonry and  s tee l  t e s t  panp l s  s h a l l  be i d e n t i f i e d  w i t h  a 
permanent ly  attached m e t a l  d isc  wired t o  t h e  1/8 i n .  d iameter  
hole of the tes t  panel .  The disc s h a l l  be s t a h l e s s  steel 
a p p r o x i m t e l y  1 i n ,  i n  d i a m e t e r ,  stamped w i t h  approximate ly  
1/2 i n .  h iqh  l e t t e r i n g .  L e t t e r i n g - s h a l l  be i n  accordance  with 
t h e  i d e n t i f i c a t i o n  number of-Table I and shall be a f f i x e d  to t h e  
t e s t  p n e l s  p r i o r  t o  s u r f a c e  p r e p a r a t i o n .  - Wire shall be Of 
s t a i n l e s s  steel. Only one i d e n t i f i c a t i o n  t a g  i s  r e q u i r e d  f o r  
double panels .  

174 

17 5 

1 7 8  

1 8 0  

1 8 2  
1 8 3  
184 
186 

187 
188 

1 9 1  

1 9 3  
I 9 4 
196  

1 9 7  

199  
200  

20 1 
202 
204 
205 
206 

207  
2 0 8  
2 0 9  
2 1 0  

213 

2 1 5  
2 1  6 

2 1 9  
220 

2 2 2  
22 3 

2 1 e  
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Coatinq A w l  i c a t  i o n  226 

Coa t ing  a p p l i c a t i o n  s h a l l  be accomplished by t h e  spray 
method to-assure a uniform c o a t i n g ,  W p l i c a t i o n  procedures ,  
i n c l u d i n g  ambient- c o n d i t i o n s ,  w i l l  be f u r n i s h e d  by t h e  Boston 
Engineers  Erior t o  t h e  commencement of  c o a t i n g  work. 

2 2 8  
2 3  1 

23 2 

c o a t i n g  a p p l i c a t i o n  s h a l l  be accomplished i n  three 
phases:  grime c o a t i n g ,  f i n i s h  c o a t i n g ,  and maintenance c o a t i n g .  - DFT’s for c o a t i n g s  s h a l l  be maintained w i t h i n  the s p e c i f i e d  
tolerances , 

234 
23 5 
236 

s i n q l e  Coatinq Dev ia t ion  From S p e c i f i e d  DFT 24 0 

Z inc  - prime -0.5 m i l s  + 2 . 5  mils 
Epoxy - prime -0.75 m i l s  +0.75 m i l s  

Epoxy - maintenance - 0 . 5  m i l s  +1.0 m i l s  
Epoxy - f i n i s h  -0.5 m i l s  + l o 0  mils 

24 2 
243 
24 4 
24 5 

Coatiriq System Devia t ion  From s p e c i f i e d  DFT 247 

Z inc  - Epoxy 
A l l  Epoxy 

-0.5 m i l s  +3.0 m i l s  
- 0 . 5  i n i l S  +2.0 mils 

249 
2 5 0  

If r e q u i r e d  t o  con t ro l  bubbl ing  on surfaces t o  which 
epoxy c o a t i n g s  a r e  a p p l i e d ,  &he "mist c o a t "  t e c h n i q u e  s h a l l  be 
used, T h i s  t echn ique  c o n s i s t s  of a f a s t  p a s s  of a th inned  
topcoat Followed almost immediately by a f u l l  w e t  coat. 

254 
2 5 5  
2 5 6  
2 5 7  

S t e e l  and masonry p a n e l s  s h a l l  be c o a t e d  only on t h o s e  
f a c e s  whiGh have been p repa red  as  r e q u i r e d  by mble I. 

259 

Curinq 2 6 2  

Prime and f i n i s h  coa ted  test  p a n e l s  n o t  r e q u i r i n g  a 
maintenance c o a t  (see Tab le  I)  s h a l l  be cu red  in a i r  for a t  l e a s t  
two weeks a t  approximate ly  70 F. 

26 4 
2 6 5  

Prime and f i n i s h  coa ted  t e s t  p a n e i s  r e q u i r i n g  a 
maintenance c o a t  s h a l l  be c u r e 2  i n  air a t  l e a s t  tw  weeks at. 
approximate ly  150 F p r i o r  t o  a p p l i c a t i o n  of t h a t  coat. A f t e r  
maintenance c o a t i n g ,  t h e s e  p a n e l s  s h a l l  aga in  be cu red  in air for  
a t  least  t w o  weeks, b u t  a t  approximate ly  10 F. 

2 6 8  
26 9 
27 0 

27 1 

274 Sc r ib  in? 

A l l  s t ee l  tes t  p a n e l s  shall be s c r i b e d  t o  base  m e t a l ,  on 
m e  coate-d s i d e  on ly ,  after i n i t i a l  c u r i n g  a t  t h e  s p c i f i e d  
tempera ture ,  r e g a r d l e s s  of whether t hey  wiil be maintenance 
c o a t e d  or n o t ,  Any s u i t a b l e  s h a r p  p o i n t e a  t o o l  may be used for 
this purpose, - The scribe s h o u l d  be a s i n g l e  d i a g o n a l  l i n e ,  

2 7 6  
2 7 7  

2 7 5  
2r2 0 
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approx ima te ly  3 in .  l ong ,  e x t e n d i n g  no closer t h a n  1 1 2  i n .  t o  any 
edqe  or weld s e a m  across the comple ted  c o a t i n g  system. 

Handl inq and  Shipment 

Test p a n e l s  s h a l l  be s h i p p e d  comple t e  as d i r e c t e d  by t h e  
Boston o f x i c e  S t r u c t u r a l  Engineer .  care s h a l l  be taken t o  assure 
the test p a n e l s  are handled  and Eacked i n  such  a manner that the 
c o a t i n g s  w i l l  n o t  be damaged. 

CHECKING REQUIREMENTS 

T e s t  p a n e l s  s h a l l  be checked by t h e  c o a t i n g  a p p l i c a t o r  
prior t o  c o a t i n g  a p p l i c a t i o n  to a s s u r e  proper f a b r i c a t i o n ,  
i d e n t i f i c a t i o n  and  surf ace p r e p a r a t i o n .  

C o a t i n g  mater ia ls  s h a l l  be ch3cked p r i o r  to use for 
p roduc t  i d e n t i t y  c e r t i f  icatiori  r e q u i r e m e n t s  c o n t a i n e d  &n m e r i c a n  
N a t i o n a l  S t anda rd ,  Q u a l i t y  Assurance for Protective Coatings 
Appl ied  t o  Nuclear  F a c i l i t i e s ,  - ANSI ti101.5.7-1972, S e c t i o n  3.3.5. 

Coa t ing  a p p l i c a t i o n  s h a l l  he checked by t h e  coa t inq  
a p p l i c a t o r  to assure correctness  of ttre c o a t i n g  system d r i i  

compl iance  w i t h  t h e  manufac tu re r  * s appoved a p p l i c a t i m  
procedures .  Each c o a t i n g  of each cocit.ing sys tem,  i n c l u d i n g  
c o a t i n g  work performed by othcrs,  s h a l l  he checked  by  t.!16 c r t q t i r m  
appl ica tor  to assure t h e  DFT tolerances are main ta ine i l  for  
i n d i v i d u a ’ l  c o a t i n g s  and c o a t i n g  systems. Steel p a n e l s  snall k 
checked on c o a t e d  f a c e s  for DFT w i t h  a properly c a l l h r a t e d  
magne t i c  gage. Masonry pariels s h a l l .  be chPcL.ed fo r  D,FT w i t h  
s c r a t c h  gage  on the 2 i n .  s q u a r e  c o a t e d  end. 

Cur ing  a p p a r a t u s  shall be checked by t h e  c o a t i n g  
a p p l i c a t o r  t o  a s s u r e  t h a t  it 2s capable of p e r f o m h q  t h e  
s p e c i f i e d  f u n c t i o n .  

S c r i b i n g  of s tee l  panels  s h a l l  be checked by t h e  c o b t i n q  
a p p l  icato: rso a s s u r e  p n e t r i i t i o n  to subs t .xa t e .  

INSPECTXON 

F i e l d  Q u a l i t y  C o n t r o l  personnel s h a l l  a s s u r e  t h a t  a l l  
requirements fo r  check ing  b y  t h e  c o a t i n g  a p p l i c a t o r  a re  performed 
and documented a s  s p e c i f i e d .  

28 1 

284  

2 8 6  
2 8 9  
290 

29 3 

2 9 5  
296 

293 
30 0 

:30 1 

30 3 
304 

307 

’?O a 

3 1 ti 
3 1 1  

313 
314 

3 1 7  

3 1 9  
320 
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INSPECTION REPORT 323 

325 An inspec t ion  report s h a l l  be prepared for each test 
panel to  5ocunent the following: 

- 1. T e s t  panel  number 32 7 

329 - 2. Substrate type (concrete or carbon steel) 

- 3 ,  Dye pene t r an t  check for welded panels  

- 4 Surface prepara t ion  

33 2 

33 5 

- a. By coa t ing  a p p l i c a t o r  or by others 337 

- b. If by coa t ing  app l i ca to r ,  what degree of s u r f a c e  
prepara t ion  (also i n d i c a t e  m i l l  profile and - abras ive  for sand b l a s t ed  carbon s tee l  panels) 

34 0 

34 1 

- 5. Pr ime coat 344 

- a. If by others i n d i c a t e  DFT 346 

348 - b. If by coa t ing  a p p l i c a t o r  

- 1. - Date/time 
- 2. Coating m a t e r i a l  - name and batch number - 3. Relative humidity - 4. Temperature, ambient and s u r f a c e  
- 5. Dew po in t  

- 7. Name of a p p l i c a t o r  
- 6. DFT 

350 
3 5 2  
354 
356 
3 5 8  
360 
362 

- 6. Each f i n i s h  and maintenance coat - Repeat 5.b. 3 6 5  

- 7 .  Curing of completed coa t ing  systems 3 6 7  

- a. Date/time entered  curing appara tus  369 

- b. D a t e / t i m e  removed from cu r ing  apparatus 37 1 

- C. Average temperature maintained 373 

- 8. Scribed t o  s u b s t r a t e  - Yes/No (carbon steel panels only) 

- 9 .  s i g n a t u r e s  

375  

377  

- a. Coat ing a p p l i c a t o r  foreman 

- b. Field Qual i ty  Cont ro l  Inspec tor  

- 10. Coating manufacturer’s product i d e n t i t y  ce r t i f i ca t ion  

3Y 9 

38 1 

3 8 3  
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This report should be in tabular form with appropriate 385  
386 - columns fzr each of the items ind ica ted  above. 
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Appendix A.3 

F.Q.C. Report Summary - SWEC Report of 
Applied Coating Film Thicknesses 
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COATING SYSTEM PERFORMANCE EVALUATION DATA SHEETS 

B. l  Visual I n s p e c t i o n  o f  Samples Upon Rece ip t  

B.2 Run 1 I n i t i a l  Eva lua t ion  

B.3 Run 1 F ina l  Eva lua t ion  

B.4 Run 2 I n i t i a l  Eva lua t ion  

8 .5  Run 2 Final Evalua t ion  
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Visua l  Inspection of Samples Upon Receipt 



- rE THE FRANKLIN INSTITUTE J- * L  
COMPUTED DY DA KB 

5/7.?- 
PROJECT RESEARCH LABORATORIES 

A:#, 8 ,  
= C U D  DY D A N  

PHIIADELPSIIA. PA. 19103 

A: 8 L  

B. 1-1 

Of3 s, 

Fa- 207 1OH I2.W OOILVIC w c s s  DIVISION ORAPHIC CONTROLS conc.. MDOKLVN. N. v .  1 m 1 7  STOCK NO. ~ W J  sc 



Jf crr1 

. - -  : . .  .-  - . - . - - : . . - : . . - I  . ...- 2-. . ..- . . . . . . .  

. . . .  . . . .  . . . .  ., - .  , .  . 
’ t ,  

B. 1-2 

OB s, 



. . . .  ... . .  . , .  . . . . . . . . .  .- - . .  c- . . .  - . . .  

3B s, 

B. 1-3 



n. ~ . . ~ ~. ~.. , - - 
. o  

+,- . , ~ ;-:I . ; , ! !  . . . . . .  -- - . . . . . .  -.. . . . . . . . . . .  - -. -. . . . .  .,.. . .  a .  . .  

B, 1-4 

QB s. 



B. 1-5 



TI3H FKANKLIN INSTIlXJ’rE 
RESEARCH LAEORATORIES 

P1fILiDELPiIIA, rA. m o i  
CHECKED DY 

mza 

t i  
. . . . . . . . . . .  . . . . . . . . . . . . . .  ..... 

, .  ! i  1 
, - ’  . ’ a .  

. . . . . . . . . . . . . . . . . . . . . .  -. . . . . . . . .  .-_ 
- *  

! I  , ’  I , I  ...... . . . .  L , . , . . . ’ . . .  , . - . - . - I .  - _ .  ...-,...... . . . . . . . . . .  
, .  . .  i , : .  

a *  , ’ I "  . .  . . . . . .  .. . . . . . .  ........... ...... ’ I  ’ I .  ’ - .  . .  ._.,. ..__,.. -~ _ _ I  

a .  

, I .  
, a ;  

B. 1-6 

05 3, 

, 

. !  . . 
1 .  . i . . .  
I 

\c 

D a i s  

Y 

- .. 



Appendix R.2 

Run 1 Initial Evaluation 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

4 

RUN NO. I 
*SAMPLE NO. 

CHALKING 

(ASTM 0 6 5 9 )  

BL I STER I N G 

(ASTM 07149 

FLAKING 

(ASTM 0772) 

1 
0 EL AM I NATlO N 

PEEL1 NG 

CRACKING 

CHECK I NG i 

N 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OFSYSTEM C 
PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-1 



PAINT SAMPLE EVALUATION 
.! , 

PROJ. NO. C3486 

I RUN NO. 
*SAMPLE NO. A -2. 

CHALKING 

(ASTM 0659) 

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 07721 

1 
DELAMINATION I 
PEEL I NG 

CRACKING 

J CHECKING 

1 bl 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.2-2 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
I 

1 
; 

RUN NO. ///I - f * . ’  DATE 1 
B Y :  &- *SAMPLE NO. A - 3  

4 .. / 
Sde .A 

CHALKING 

(ASTM D 6 5 9 )  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
0 EL A M I N AT1 0 N 

PEELING 

CRACKING 

CHECK I NG i 

9 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-3 



PAINT SAMPLE EVALUATION 

DATE:  
B Y :  

CHALKING 

(ASTM 0 6 5 9 )  

BL I STERlN G 

(ASTM 07141 

FLAKING 

(ASTM 0772)  

1 
DEL AM IN AT10 N 

PEELING 

CRACKING 

CHECK I NG J 

PROJ. NO. C3486 
I 

RUN NO. 
"SAMPLE NO. A -7 

.# -/, 

COMMENTS: 

EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALU4TE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-4 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

D A T E :  , .  3 ’  1 ,  RUN NO. I 
B Y :  / 1 *.*: *SAMPLE NO. a - I  

CHALKING 

(ASTM 0659)  

BLISTERING 

( A S T M  0714) 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION I 
PEELING 

CRACKING 

J CHECK I NG 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.2-5 



PAINT SAMPLE EVALUATION 

CHALKING 

(ASTM 0659)  

BL I STER I NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
0 EL AM I NATlO N 

PEELING 

CRACKING 

CHECKING 

I RUN NO. 
*SAMPLE NO. 0-2 

:i 

PROJ. NO. C3486 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.2-6 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE:  /l -I! J7A RUN NO. 
I 

B Y :  /J $I! #i .c *SAMPLE NO. B - 3  
& d .  /, 

Sid* 3 

CHALKING 

(ASTM 06591 

FLAKING 

(ASTM 0772) 

D E L A M I N AT1 0 N 

PEELING 

CRACKING 

CHECK I NG 

N 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-7 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

RUN NO. I 
*SAMPLE NO. B -7  

CHALKING 

(ASTM 0659) 
1.3 - 

FLAKING 

(ASTM 0772) 

0 EL AM I NAT 

PEELING 

CRACKING 

CHECK I NG 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-8 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

RUN NO. I 
*SAMPLE NO. c- 1 

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
D �LA M I NATlO N 

PEELING 

CRACKING 

CHECKING J 

I ) -  , 

i j’ 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B, D,F,G, TI 
EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-9 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

RUN NO. I 
*SAMPLE NO. C -  2. 

CHALKING 

(ASTM 0659) 

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

I 

0 EL A M I N AT1 0 N 

PEELING 

CRACKING 

CHECK1 NG 
1 

/ 3  - 2 -- 
I *  - 

EJ 

it EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-10 



PAINT SAMPLE EVALUATION 

DATE:  .rJ 
B Y :  * # f .  & 

6 a r K  

& CHALK I NG 

(ASTM 0659)  

B L I ST E R I N G 

(ASTM 07141 

FLAKING 

(ASTM 0 7 7 2 )  

0 EL AM I NAT 

PEELING 

CRACKING 

CHECKING 

PROJ. NO. C3486 
I 

RUN NO. 
*SAMPLE NO. C - 3  

la- 9 

Slaii? V A ; : ~  IP 

Cvre,* L O  4 o/* 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 
PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-11 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

D A T E :  / , / J  0 /,A RUN NO. 
I 

B Y :  /j,/s�%i i: *SAMPLE NO. C - 4  

CHALKING 

(ASTM 0659) b 

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
0 ELA M I NATlO N 

PEELING 

CRACKING 

CHECK I NG 

Bac K 

AJ 

N 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 
B. 2-12 



PAINT SAMPLE EVALUATION 

D A T E :  ,r /.!. /i 
B Y :  

PROJ, NO. C3486 

RUN NO. I 
*SAMPLE NO. b -  I 

CHALKING 

(ASTM 0 6 5 9 )  

BL I STE R I N G 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION I 
PEELING 

CRACKING 

J CHECKING 

B 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-13 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE:  RUN NO. 
I 

B Y :  *SAMPLE NO, D- 2 

CHALKING 

(ASTM D659) 

BL I STE R I N G 

(ASTM 0714) 

FLAKING 

(ASTM 0 7 7 2 )  

DELAMINATION I 
PEELING 

J CRACKING 

CHECK I NG 

COMMENTS: 

hl 

4 8  M D  

El 

I+ EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE 80TH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-14 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
I RUN NO. DATE:  / t  ,:a 7,L 

B Y :  /p, / I . , $ .  ’ Jb, *SAMPLE NO. D-3  

CHALKING 

(ASTM 06591 

BL I STE R I N G 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

- 
D E L A M I N AT I0 N 

PEELING 

CRACKING 

CHECK1 NG 
m 

N 

r3 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-15 



PAINT SAMPLE �VALUATION 
/ 

DATE:  // 24/7A 
B Y :  $/, #d. c 

.. ( 
..y. -’. Y. 

PROJ. NO. C3486 

CHALKING 

(ASTM 0659)  

BL I STERl NG 

(ASTM 0714) 

FLAKING 

(ASTM 0 7 7 2 )  

I 

D E L A M IN AT1 0 N 

PEELING 

CRACKING 

CHECK1 NG - 
COMMENTS: 

I 
RUN NO. 

*SAMPLE NO. D -4 

F 
i?, i 

p" I’ -. 1. 

N 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-16 



PAINT SAMPLE EVALUATION 

DATE:  /$/L,I+.?. 
B Y :  /is /;! gJ $I- 

/* - * 

b ’ W ,  / 

PROJ. NO. C3486 

CHALKING 

(ASTM 0 6 5 9 )  

BLISTERING 

(ASTM Df14) 

FLAKING 

(ASTM 0 7 7 2 )  

1 
DELAMINATION I 

I PEELING 

J 
CRACKING 

CHECKING 

1 
RUN NO. 

*SAMPLE NO. E-1 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-17 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

D A T E :  
BY 1 

RUN NO. I 
*SAMPLE NO. E - 2  

0l 

I*, -1.  i 

F m n t  
~~~ 

CHALKING 

(ASTM 0 6 5 9 )  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 07721 

D EL A M IN AT 

PEELING 

CRACKING 

CHECK I NG 

EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-18 



PAINT SAMPLE EVALUATION 

DATE:  // .?’* 7; 
B Y :  1 //.,:, ’ C L  

c 

i - . ,  . ,! 

PROJ. NO. C3486 

CHALKING 

(ASTM 0659) 

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

- 
D EL AM IN AT1 0 N 

PEELING 

CRACKING 

CHECKING 
a 

I RUN NO. 
*SAMPLE NO. F-1 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-19 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
1 

RUN NO. 
"SAMPLE NO. F - 2  

CHALKING 

(ASTM D 6 5 9 )  

~ 

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION I 
PEELING 

CRACKING 

J CHECK1 NG 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-20 



PAINT SAMPLE EVALUATION 

DATE:  ///A /7A 
8 Y :  h*’/?-k 8 

PROJ. NO. C3486 

~~ 

CHALKING 

(ASTM 06591 

BL I STERJNG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION 1 
PEELING 

CRACKING 

J CHECKING 

I 
RUN NO, 

*SAMPLE NO. ~5 

COMMENTS: &a* coleve44- 

L/;qAf k0l118’7 .f $" Ifif *’- 

5cr,;b: \ l i \ t  ’ 

C".it JJb +J I I \  5 c i J e  

EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-21 



PAINT SAMPLE EVALUATION 

J A T E :  I//!! 0 /, J- 
, 

B Y :  Zfid 4 
c d’. ’J 

I fJ  

PROJ. NO. C3486 

I 

I 
RUN NO. 

*SAMPLE NO, F - 6  

CHALKING 

(ASTM 0659)  

BLISTER I NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION 1 
PEELING 

CRACKING 

CHECK I NG 

COMMENTS: fd p i j n q  : d e  
Bart: sy3.rs 1 "  $ 4  d e  L ’ h s  

:- ’Is . . , , p; L. I’"4’":;’" 5 

Lp.&* , 0 1 3 d  

* EVALUATE WORSY FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-22 



PAINT SAMPLE EVALUATION 
/ 

D A T E :  // --w/7k 

B Y :  JIJ�/?�. 2 4 
(:; . .! 1 

PROJ. NO. C3486 
1 

RUN NO. 
*SAMPLE NO. 6-1 

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
D EL A M I NATl ON 

PEEL I NG 

CRACKING 

CHECKING J 

N 

rJ 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-23 



PAINT SAMPLE EVALUATION 

DATE:  ," It 
-1J- 

B Y :  u-.. r 
G ,  < ’  

PROJ. NO. C3486 

~~~~ ~ 

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
0 �LA MI NATlO N 

PEEL I NG 

CRACKING 

CHECKING i 

RUN NO. 

IJ 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,E,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-24 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
1 RUN NO. 

*SAMPLE NO. G-3 

CHALKING 

(ASTM 0 6 5 9 )  

..I 1: > f l k  BL I STE R1 NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772)  

- 
D EL A M I NATlO N 

PEELING --... 

CRACKING 

CHECKING 
4 

B ,  0, F, G ,  TI 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-25 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
I 

RUN NO. 
*SAMPLE NO. 4- 9 

DATE:  .:, 
B Y :  ’ I  I -  

~~ ~ 

CHALKING 

(ASTM 0 6 5 9 )  

BLISTERING 

(ASTM 07141 

FLAKING 

(ASTM 0 1 7 2 )  

DELAMINATION I 
PEELING 

J CRACKING 

CHECKING 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-26 



PAINT SAMPLE EVALUATION 

e y  : /! 43 
DATE:  1, 4 &Q 7 :  

& 3. J 

PROJ. NO. C3486 
I RUN NO. 

*SAMPLE NO. 6 - q  

BLISTERING 

(ASTM 0714) 

I 
FLAKING 

(ASTM 0772)  

1 
DELAMINATION I 
PEELING 

J CRACKING 

CHECKING 

. 

R. 2-27 



PAINT SAMPLE EVALUATION 

DATE:  ///=o /72. 
B Y :  N,/?.d & c;. J. IJ 

PROJ. NO. C3486 
I 

RUN NO. 
*SAMPLE NO. T-1 

CHALKING 

(ASTM 0659)  

BL I STE R I NG 

(ASTM D714) 

FLAKING 

(ASTM 0772 

- 
D �LA M I NATI 0 N 

PEEL I NG 

CRACKING 

CHECK I NG - 
COMMENTS: 

7 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 2-28 



Appendix B.3 

Run 1 F i n a l  Eva lua t ion  



PAINT SAMPLE EVALUATION -* I / , * , -  td.24 LJb PROJ. NO. C3486 

DATE:  RUN NO. I 
B Y :  *SAMPLE NO. A-1 

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
DEL A M I NATlO N 

PEEL1 NG 

CRACKING 

CHECKING 

COMMENTS: 

9-t- 

kl 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-1 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

I RUN NO, ~ 

B Y :  *SAMPLE NO. A - 2  

c W e  1 

I 
CHALKING 

(ASTM 0659)  

FLAKING 

(ASTM 0772) 

D EL A M I NATI 0 N 

PEELING 

CRACKING 

CHECKING 

EVALUATE WORST FACE OF SYSTEMS A,B,D,F ,G,TI  

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-2 



PAINT SAMPLE EVALUATION 

D A T E :  / A / +  /7 nl, 
/ 

B Y :  . #  

PROJ. NO, C3486 
I 

RUN NO. 
"SAMPLE NO. A -3 

CHALKING 

(ASTM 0659)  

EL I STER I NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION I 

I PEELING 

J CRACKING 

CHECK I NG 

COMMENTS: 

7-t 

rl 

rl 

it EVALUATE WORST FACE OF SYSTEMS A,B,O,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-3 



PAINT SAMPLE EVALUATION PRO& NO. C3486 

CHALKING 

(ASTM 0659)  

811 STERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

PEEL1 NG 

CRACKING 

CHECKING 

I 
RUN NO. 

*SAMPLE NO. d -7  

9-c- 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,O,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-4 



PAINT SAMPLE EVALUATION PROJ.  NO. C3486 
I RUN NO. 

*SAMPLE NO. 8-1 

CHALKING 

( A S T M  D 6 5 9 )  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

DELAMf NATION 

PEELING 

CRACKING 

CHECK I NG 

N 

COMMENTS 1 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-5 



PAINT SAMPLE EVALUATION 

D A T E :  /2/+/ / 7 A  
B Y :  # 

PROJ, NO. C3486 
I 

RUN NO. 
*SAMPLE NO. 0-2. 

CHALKING 

(ASTM 0659)  

EL I STER I N G 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
D EL A M I NATI 0 N 

PEELING 

CRACKING 

CHECKING i 
COMMENTS 1 

rJ 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-6 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE:  /44/7A RUN NO. 
I 

BY:  p, . v . 0  *SAMPLE NO. 8-3 

CHALKING 

(ASTM 0659) 

FLAKING 

( A S T M  0772) 

D EL AM I N AT 

PEELING 

CRACKING 

CHECK I NG 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE A N Y  SOFTENING OF TOPCOAT 

B. 3-7 



PROJ, NO. C3486 PAINT SAMPLE EVALUATION 

I DATE:  I f RUN NO. 
B Y :  4 ,  V# ’)SAMPLE NO. 8-7 

CHALKING 

(ASTM 0659)  

FLAKING 

(ASTM 0772) 

0 EL AM I NATIO N 

PEELING 1 
J CRACKING 

CHECKING 

P 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-8 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
D A T E ;  RUN NO. I 
B Y :  *SAMPLE NO. C-j 

CHALKING 

(ASTM 0659)  

BL I STERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
0 EL AM IN AT1 0 N 

PEELING 

CRACKING 

CHECKING 

Frovt f- 

f l  Y *  

fJ 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-9 



PAINT SAMPLE EVALUATION 

DATE:  
B Y :  

A 

I 

PROJ. NO. C3486 
RUN NO. I 

*SAMPLE NO. (=-z 

I 

Frw t 
CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

0 E L A M 1 N AT I 0 N 

PEELING 

CRACKING 

CHECKING 

rl 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

8.3-10 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

D A T E :  RUN NO. 
1 

BY : 6 ,  ’ v :  ’ *SAMPLE NO. C - 3  

CHALKING 

(ASTM D659)  

BL I STE R I N G 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
0 EL A M IN AT1 0 N 

PEELING 

CRACKING 

CHECK I NG 

N 

9 

N 

,v 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,O,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-11 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

D A T E :  I R U N  NO. 
B Y :  ’40 v, *SAMPLE NO. C-4  

I 

~ 

F r o v r f  
I 

CHALKING 

(ASTM 0659)  

6 L  I STER I NG 

(ASTM 0714) 

FLAKING 

(ASTM 07721 

1 
0 EL A M I N AT I0 N 

PEELING 

CRACKING 

CHECKING 

c N 

’ I  

B U C K  

9’ 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-12 



PAINT SAMPLE EVALUATION 

D A T E :  

B Y :  

PROJ. NO. C3486 

I 
RUN NO. 

*SAMPLE NO. P-1 

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKf NG 

(ASTM 0772) 

1 
DELAMINATION I 
PEELING 

CRACKING 

J CHECK I NG 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-13 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
I 

DATE:  /&/4 /7a RUN NO, 
B Y :  G. ’c/l *SAMPLE NO. D - 2  

CHALKING 

(ASTM 0659) 

BL I STER I NG 

(ASTM 07141 

FLAKING 

(ASTM 0 7 7 2 )  
N 

DEL AM IN AT10 N 

PEEL I NG 

CRACKING 1 hl 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-14 



PAINT SAMPLE EVALUATION 

DATE:  RUN NO. 

PROJ. NO. C3486 
I 

B Y :  -+&- *SAMPLE NO. D - 3  

CHALKING 

(ASTM 0659)  

BL I S f  ERl NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

- 
0 EL AM I NATI 0 N 

PEELING 

CRACKING 

CHECK I NG 
I 

t3 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-15 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE:  /A/?/+=. I 
RUN NO. 

L B Y :  G ,  v *SAMPLE NO. D 4 

CHALK ING 

(ASTM 06591 

~~ ~~ 

BLISTERING 

(ASTM 07141 

FLAKING 

(ASTM 0772) 

0 EL AM IN AT1 0 N 1 
1 PEELING 

J CRACKING 

CHECK I NG 

COMMENTS 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 
PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-16 



PAINT SAMPLE EVALUATION 

D A T E :  
BY : fl. 8 

PROJ. NO. C3486 
I 

RUN NO. 

*SAMPLE NO. E-1 

CHALKING 

(ASTM 0659) 

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

0 EL AM IN AT1 0 N 

PEEL I NG 

C R A C K I N G  

CHECK I NG i 

F r o n t  �v 

N 

COMMENTS : 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE A N Y  SOFTENING OF TOPCOAT 

B. 3-17 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE:  /b/4/7d R U N  NO. 
I 

B Y :  *SAMPLE NO. ~ F - Z  

C H A L K I N G  

( A S T M  0659)  

B L I S T E R I N G  

( A S T M  0714) 

F L A K I N G  

( A S T M  0772) 

O f L A M l N A T l O N  

P E E L I N G  

C R A C K I N G  

CHECK I NG 1 

C H A L K I N G  

( A S T M  0659)  

1 

Ai 

B L I S T E R I N G  

( A S T M  0714) 

O f L A M l N A T l O N  

P E E L I N G  

C R A C K I N G  

CHECK I NG 1 
F L A K I N G  

( A S T M  0772) 

I 

1 

Ai 

tJ 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B, D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS B E E N  EVALUATED 

NOTE A N Y  SOFTENING OF TOPCOAT 

B. 3-18 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

D A T E :  

B Y :  

I 
RUN NO. 

*SAMPLE NO. F - I  

CHALKING 

(ASTM 0659)  

-~ 

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
D EL A M I N AT I0 N 

PEEL I NG 

CRACKING 

CHECKING 

Srdu I 

hl 

tJ 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B, 3-19 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE:  p/+ / /7A. RUN NO. I 
B Y :  4 *SAMPLE NO. F - z  

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKlhlG 

(ASTM 0772) 

1 
0 EL AM IN AT I0 N 

PEEL I NG 

CRACKING 

CHECKING i 

9+ 

N 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-20 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
0 EL AM I NATlO N 

PEELING 

CRACKING 

CHECKING i 

I 
RUN 

*SAMPLE NO. F - 5  
N 0. 1 

IJ 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-21 



PAINT SAMPLE EVALUATION 

r’, 

PROJ. NO. C3486 
I 

RUN NO. 
*SAMPLE NO. F-6 

CHALKING 

(ASTM 0659)  

BLISTERING 

( A S T M  0714) 

FLAKING 

(ASTM 0772)  

1 
D EL AM IN AT1 0 N 

PEELING 

CRACKING 

CHECKING i 
lii 

COMMENTS: 

4 I? Vsfc-,’ ij$ir ~ ~ i ~ ~ * ~ J ~ ~ ~  f i ’ t ’  v,id arej.S 

Cre t( h.r t 0 lord 
* EVALUATE WORST FACE OF SYSTEMS A,B,O,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-22 



PAINT SAMPLE EVALUATION 

DATE 1 /a/+ /�i72 

B K :  �4,� 1/ 

PROJ. NO. C3486 

RUN NO. I 
*SAMPLE NO. G -I 

CHALKING 

(ASTM 0659)  

BL I STERl NG 

(ASTM 07141 

FLAKING 

(ASTM 0772)  

- 
D EL A M I N AT I0 N 

PEELING 

CRACKING 

CHECKING - 

S/k I 

COMMENTS 1 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-23 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE: RUN NO. I 
0 Y :  *SAMPLE NO. t - 2  

CHALKING 

(ASTM 0659)  

BL I STERl NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

- 
D EL A MI N AT I0 N 

PEELING 

CRACKING 

CHECK I NG 
m 

COMMENTS : 

* EVALUATE WORST FACE OF SYSTEMS A,E,O,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-24 



PAINT SAMPLE EVALUATION 

DATE : s /+/,A 
B Y :  6.� VI 

CHALKING 

(ASTM 0 6 5 9 )  

PROJ. NO. C3486 

r /  

t 
RUN NO. 

*SAMPLE NO. G - 3  

D EL A M I N AT1 0 N 

PEELING 

CRACKING 

CHECK I N G  

I 
& a h  C P I O Y 4  

COMMENTS : 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-25 



PAINT SAMPLE EVALUATION 

D A T E :  1244 /7 L 
B Y :  G.�V � 

PROJ. NO. C3496 

1 RUN NO. 
*SAMPLE NO. 4 - 4  

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772)  

0 EL AM I NAT 

PEELING 

CRACKING 

CHECK I NG 

COMMENTS 1 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-26 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE:  A- 

CHALKING 

(ASTM 0659) 

BLISTERING 

(ASTM D714) 

FLAKING 

(ASTM 0772) 

1 
D EL AM I NATIO N 

PEELING 

CRACKING 

CHECK I NG 

I 
RUN NO. 

*SAMPLE NO. 4-9 

COMMENTS: 

)ark A P K A  c C i o n y  ASi-- *$c 

oh K " ~ +  Led Cb)Orob  1:da.  ,h 3 spa I /  *.rt-.wJ o n  sA- $1 i JJhJY 
* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

0.3-27 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
: 2 0 s .  Ic4up2 I 

RUN NO. 
B Y :  *SAMPLE NO. T-1 

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

D E L A M IN AT I0 N 

PEELING 

CRACKING 

J CHECK I NG 

t 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 3-28 



Appendix B.4 

Run 2 I n i t i a l  Evaluation 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
2 

RUN NO. 
*SAMPLE NO. A c 4 

CHALKING 

(ASTM 0 6 5 9 )  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0 7 7 2 )  

1 
I DELAMINATION 

I PEELING 

J 
CRACKING 

CHECKING 

9 

N 

rJ 

COMMENTS : 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-1 



PAINT SAMPLE EVACUATION 

DATE:  2/2/73 
B y :  d P  /CF*LJ 

PROJ. NO. C3486 
2 RUN NO. 

*SAMPLE NO. A -5 

CHALKING 

(ASTM 0659) 

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

D EL AM IN AT I0 N 

PEELING 

CRACKING 

CHECKING i 
FJ 

N 

COMMENTS 1 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-2 



PAINT SAMPLE EVALUATION 

CHALKING 

(ASTM 0659)  

BL I STERl NG 

(ASTM D714) 

FLAKING 

(ASTM 0772) 

PEELING 

CRACKING 

CHECKING 

2 RUN NO. 
%AMPLE NO. A -6 

9 

PROJ. NO. C3486 

N 

COMMENTS: 

i e  EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-3 



PAINT SAMPLE EVALUATION 

DATE:  &La 73 
B Y :  ALfL ; : 7 , w d  .v, 

PROJ. NO. C3486 

RUN NO. 2 
*SAMPLE NO. A -8 

CHALKING 

(ASTM 0659)  

BL I STERl NG 

(ASTM D714) 

FLAKING 

(ASTM 0772 

0 EL AM IN AT1 0 F 

PEELING 

CRACKING 

CHECK I NG 

’1 

*EVALUATE WORST FACE OF SYSTEMS A,B,O,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE A N Y  SOFTENING OF TOPCOAT 

B, 4-4 



PAINT SAMPLE EVALUATION 

CHALKING 

(ASTM 0659)  

~~~~~ 

BLISTER I NG 

(ASTM 07141 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION I 
PEELING 

CRACKING 

J CHECK I NG 

PROJ,  NO. C3486 
2 

RUN NO, 
*SAMPLE NO. 8-4 

~~ 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-5 



PROJ. NO. C3486 

2 RUN NO. 
*SAMPLE NO. ’19-5 

CHALKING 

(ASTM 0659)  

FLAKING 

(ASTM 0772) 

1 
I 0 E L  AM I NATI 0 N 

I PEELING 

J CRACKING 

CHECK1 NG 

f f  * , l l f ’  1 .  

cp;, ( 0 l o t  p 
I I  

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 4-6 



PAINT SAMPLE EVALUATION 

D A T E :  J- .I h3 
B Y :  A L L  J : i d  I/ 

PROJ. NO. C3486 
2. 

RUN NO. 
*SAMPLE NO. B - 6  

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772)  

1 
0 EL AM I N AT1 0 N 

PEELING 

CRACKING 

CHECKING J 
~ 

COMMENTS 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-7 



PAINT SAMPLE EVALUATION 

D A T E :  2 4 /73  

CHALKING 

lASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKING 

( A S T M  0772) 

D E L A M I NATlO h 

PEELING 

CRACKING 

CHECK I NG 

COMMENTS: 

RUN NO. 2 
*SAMPLE NO. ’8-6 

9 

/ J  

PROJ. NO. C3486 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE A N Y  SOFTENING OF TOPCOAT 

B.4-8 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

CHALKING 

(ASTM D659)  6 

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

I 

0 EL AM I NAT I0 N 

PEELING 

C R A C K I N G  

CHECKING - 

Back 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE A N Y  SOFTENING OF TOPCOAT 

B.4-9 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
3 

RUN NO. 
’+SAMPLE NO. C - 6  

~ 

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
0 E LAM IN AT I0 N 

PEELING 

CRACKING 

CHECKING 

~~ 

COMMENTS: 

3 

*EVALUATE WORST FACE OF SYSTEMS A,B,O,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 4-10 



PAINT SAMPLE EVALUATION 

B Y :  L iCw d’ h d /  

D A T E :  4 2  /,3 

I 
i 

: I  

PROJ. NO. C3486 - 
RUN NO. 6 

%AMPLE NO. c-7 

CHALKING 

(ASTM 0659)  

BL I STER I N G 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION I 
PEELING I 

J CRACKING 

CHECK1 NG 

7 i J  
f 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,O,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-ll 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

D A T E :  RUN NO. z 
B Y :  *SAMPLE NO. c-8 

F r m  t h c  k 

CHALKING 

(ASTM 0 6 5 9 )  

~ ~~ _ _ _ _ ~  

BL I STER I N G  

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
0 EL A M I N AT I 0 N 

PEELING 

I CRACKING 

J CHECK I NG 

7 9 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-12 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE:  A/; 7.3 RUN NO. 
BY &b: k &Ld *SAMPLE NO. 0 - 5  

’i5 

CHALKING 

(ASTM D659) 

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

DEL A M I NATlO N 

PEEL1 NG 

C R A C K I N G 

CHECK I NG 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-13 



PAINT SAMPLE EVALUATION 

DATE:  3 4 7 3  

PROJ. NO. C3486 

z RUN NO. 
*SAMPLE NO. D-6 

CHALKING 

(ASTM 0659)  

B L  I STER ING 

(ASTM D7141 

FLAKING 

(ASTM 0772)  

1 
DELAMINATION I 
PEELING I 
CRACKING 

CHECKING 

! d 

.’ ). ’ ,/* 1 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-14 



PAINT SAMPLE EVALUATION 

DATE:  
2 - i -  73 

BY 1 6 k b - j  4 4 4 2  

PROJ. NO. C3486 
RUN NO. 2 

*SAMPLE NO. D -7  

CHAL KING 

(ASTM 06591 

BL I STER I NG 

(ASTM 0714) 

FLAKING 

(ASTM D772) 

1 
DELAMINATION I 
PEELING 

C R A C K I N G  

J CHECKING 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

8.4-15 



PAINT SAMPLE EVALUATION 

D A T E :  il.2 173 
B Y :  ; c.’ .,I ’ 9 i s  - /  \ 

PROJ. NO. C3486 
r) 
L RUN NO. 

*SAMPLE NO. D - 8  

CHALKING 

(ASTM 0659) 

BL I STE R I N G 

(ASTM 0714) 

FLAKING 

( A S T M  0772 

1 
DELAMINATION I 
PEELING 

CRACKING 

J CHECKING 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 
PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-16 



PAINT SAMPLE EVALUATION 

CHALKING 

(ASTM 0659) 

BLISTERING 

(ASTM 07141 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION I 
PEELING I 

J CRACKING 

CHECKING 

2 RUN NO. ~ 

*SAMPLE NO, �03 

PROJ. NO. C3486 

IJ 

~~ 

COMMENTS 1 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-17 



PAINT SAMPLE EVALUATION 
/. 

DATE:  a / !  /73 

B Y :  #! :’ "2 i I .’ 7k. i 

PROJ. NO. C3486 

z RUN NO. 
*SAMPLE NO. I=+ 

CHALKING 

(ASTM 0 6 5 9 )  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM D772) 

J CRACKING 

CHECK I NG 

N 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-19 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE:  RUN NO. 2 
B Y :  A c L+ ViJ. v *SAMPLE NO, F -4  

CHALKING 

(ASTM D659)  

B L  I STE RI NG 

(ASTM 0714) 

FLAKING 

(ASTM Of721  

I 

D E L A M I NATlO N 

PEELING 

CRACKiNG 

CHECKING - 

d 

COMMENTS: kls r’n F--3 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-20 



PAINT SAMPLE EVALUATION 

CHALKING 

(ASTM D659)  

BL I STER I NG 

( A S T M  D714) 

FLAKING 

(ASTM D 7 7 2  

1 
DELAMI NATl ON 

PEELING 

CRACKING 

CHECKING 

COMMENTS: 

L 
RUN NO. 

*SAMPLE NO. F -7  

ri 

IJ 

PROJ. NO. C3486 
r) 

iJ 

it EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

8.4-21 



PAINT SAMPLE EVALUATION 

B Y :  L lU t i,* /, 

DATE : ;I !. /73 
I /  

CHALKING 

(ASTM 0659) 

BLI STERl NG 

(ASTM 0714) 

FLAKING 

(ASTM 07721 

1 
DELAMINATION I 
PEELING 

CRACKING 

J CHECKING 

PROJ. NO. C3486 
2 RUN NO. 

*SAMPLE NO. F - 8  

00 ’y 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 4-22 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE:  J / J  72 RUN NO. 2, 
I ’  

B Y :  ) : 1 17. / *SAMPLE NO. 4 -5 

~ 

CHAL KING 

(ASTM 0659) 

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM D 7 7 2 )  

DELAMINATION 1 
PEELING 

CRACKING 

J CHECK I NG 

tJ 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-23 



PAINT SAMPLE EVALUATION 

DATE:  , C C  - / 2 
? .. 9 7  

B Y :  :: .; ( l < ,  / 

PROJ. NO. C3486 
2. 

RUN NO. 
"SAMPLE NO. G -6 

CHALKING 

(ASTM 0659) 

BLISTERING 

(ASTM 07141 

FLAKING 

(ASTM 0772 

DELA M IN AT10 N 

PEELING 

CRACKING 

CHECK I NG i 
COMMENTS: 

EJ 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE A N Y  SOFTENING OF TOPCOAT 

B. 4-24 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE:  
2 

RUN NO. 4 2/-? (13 

B Y :  A-LitJ 4 ~s,l,i/ *SAMPLE NO. q-7 

CHALKING 

(ASTM 0659)  

BL I STER I NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

0 EL A MI N AT1 0 N 1 
PEELING 

CRACKING 

CHECKING 

~ ~~ 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

8-4.25 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
2 

RUN NO. 
*SAMPLE NO. 4-8 

CHALKING 

(ASTM 0659)  

8 L  I STERl NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

0 EL AM I NATIO N 1 
PEELING 

CRACKING 

J CHECKING 

9 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-26 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

RUN NO. A 
B Y :  *SAMPLE NO. T I  

& ; (.;,ll",l-[ ’ J *  /5$ ’ / a &  

S,.L I 

CHALKING 

(ASTM 0659)  

BL I STE R I NG 

(ASTM 0714) 

FLAKING 

(ASTM D 7 7 2 )  

1 

I D E L A M IN AT I0 N 

PEELING 

CRACKING 

J CHECK I NG 

COMMENTS: 

i iJ 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.4-27 



Appendix B.5 

Run 2 F i n a l  Evaluation 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

C �  ..- � ..� -� -7 

CHALKING 

(ASTM 0 6 5 9 )  

BLISTERING 

(ASTM 07141 

FLAKING 

(ASTM D772) 

1 
DELAMINATION 

PEELING 

CRACKING 

J CHECK I NG 

- , ! s;,, !;L .. . . 

bi 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A , B  

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

TI 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE A N Y  SOFTENING OF TOPCOAT 

n.5-1 



PAINT SAMPLE EVALUATION 

D A T E :  A/GJ/43 
B Y :  

Y 

PROJ, NO. C3486 
’2 

RUN NO. 
*SAMPLE NO. A - 5  

CHALKING 

(ASTM 0659)  

BL I STERl NG 

(ASTM 0714) 

FLAKING 

(ASTM 07721 

1 
D EL A M I NATlO N 

PEELING 

CRACKING 

J CHECK I NG 

COMMENTS: 

5,;k. I 

I 
B 

?J 

it EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.5-2 



PAINT SAMPLE EVALUATION 

.2- 2.3 73 D A T E :  
B Y :  � G . 5  d 

PROJ. NO. C3486 
r) 
L RUN NO. 

*SAMPLE NO. A - 6  

CHALKING 

(ASTM 0659)  

BL I STE R I NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION I 
PEELING 

I CRACKING 

J CHECK I NC 

.- 1 

6 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.5-3 



PAINT SAMPLE EVALUATION 

D A T E :  I 

B Y :  c..J / 

PROJ. NO. C3486 

2 RUN NO. 

CHALKING 

(ASTM 0659) 

BL I STER I NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

DEL AM IN AT 

PEELING 

CRACKING 

CHECKING 

COMMENTS: 

*SAMPLE NO. A+ 

9 

tJ 

N 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 5-4 



PAINT SAMPLE EVALUATION 

D A T E :  2 -’2/73 

B Y :  t,, v 

PROJ. NO. C3486 
2 

RUN NO. 
*SAMPLE NO. 0-9 

~~ 

CHALKING 

(ASTM 0 6 5 9 )  

BL I STER I NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION 

PEELING 

C R A C K I N G  

CHECK I NG i 

1 m e  .rq 

9 

N 

COMMENTS 1 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 5-5 



PAINT SAMPLE EVALUATION 

DATE:  
I 

B Y :  G J  v: 

r 

PROJ. NO. C3486 
2 

RUN NO. 
*SAMPLE NO. B-5 

CHALKING 

(ASTM D 6 5 9 )  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772)  

- 
DEL A M JN AT1 0 N 

PEELING 

CRACKING 

CHECK I NG - 

COMMENTS: 

9 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

n. 5-6 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE:  RUN NO. 
z 

B Y :  *SAMPLE NO. 8 - 6  

CHALKING 

(ASTM 0659) 

BLISTERING 

(ASTM 07141 

FLAKING 

(ASTM 0772) 

0 E LA MI N AT10 N 

PEELING 

CRACKING 

CHECK I NG 

COMMENTS 1 

EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE F R O N T  FACE O f  SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.5-7 



PAINT SAMPLE EVALUATION 

D A T E :  9 d / ! Z  
B Y :  G 3 v: 

PROJ. NO. C3486 
RUN NO. z 

%AMPLE NO. 8 - 8  

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
0 EL AM IN AT I0 N 

PEELING 

CRACKING 

CHECKING 

i hl 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.5.8 



PAINT SAMPLE EVALUATION 

D A T E :  
B Y :  ’G. J . d 

PROJ. NO. C3486 
2 RUN NO. 

*SAMPLE NO. C - 5  

CHALKING 

(ASTM 0 6 5 9 )  

BL I STER I NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION I 
PEEL1 NG 

CRACKING 

J CHECK I NG 

COMMENTS: 

h 

I !  

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

�VALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

i ,.J 

B 5-9 



PAINT SAMPLE EVALUATION 

DATE:  ,:, 

B Y :  

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772)  

1 
D E L A M IN AT I0 N 

PEELING 

CRACKING 

CHECK I NG i 
COMMENTS: 

F r o n t  

8 

N 

PROJ. NO. C3486 
L. 

RUN NO. 
*SAMPLE NO. C-6 

N 

Bsc K 

a 

TJ 

r3 

* EVALUATE WORST FACE OF SYSTEMS A18,D,F,GlTI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.5-10 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE:  2.23 RUN NO. 2 
B Y ;  t$ J’. fl *SAMPLE NO. C - 7  

CHALKING 

(ASTM 0659)  

BL I STE R I  hl G 

(ASTM 0714) 

FLAKING 

(ASTM D772) 

1 
OELAMINATION 1 
PEELING 

CRACKING 

J CHECKING 

8 

d 

8 

N 

COMMENTS: 

LJ6t-f or’< $;A of sc.,+ 
/,Ac e x 4 e d ~ i f  b o c k  $6 

O F F  w k t k  
V Q y b V  J D h G  Jl;Cp/rve& 

*EVALUATE WORST FACE OF SYSTEMS A,B,O,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.5-11 



PAINT SAMPLE EVALUATION 

CHALKING 

(ASTM 0659) 

~~ 

BLISTERING 

(ASTM 07141 

FLAKING 

(ASTM 0772)  

1 
D EL A M I N AT10 N 

PEELING 

CRACKING 

CHECK I NG J 
COMMENTS: 

Frm t 

PROJ. NO. C3486 
2 

RUN NO. 
*SAMPLE NO. C - 8  

BOCK 

B 

I ’  I 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 5-12 



PAINT SAMPLE EVALUATION 

D A T E :  d- c23/$3 
/ 

B Y :  C;;J, Lf 

PROJ. NO. C3486 

RUN NO. z 
*SAMPLE NO. D - 5  

CHALKING 

(ASTM 0659) 

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
0 EL AM I NATI 0 N 

PEELING 

CRACKING 

CHECK I NG J 
COMMENTS: 

7 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

13.5-13 



PAINT SAMPLE EVALUATION 

DATE : 
B Y :  

PROJ, NO. C3486 
2 RUN NO. 

*SAMPLE NO. D -  6 

CHALKING 

(ASTM 0659)  

ELI STERING 

(ASTM 0714) 

FLAKING 

(ASTM 07721 

1 
OELAMINATION I 

I PEELING 

J C R A C K I N G  

CHECK I NG 

COMMENTS .’ 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE A N Y  SOFTENING OF TOPCOAT 

13.5-14 



PAINT SAMPLE EVALUATION 

D A T E :  
B Y :  G; v ’ i / .  

PROJ. NO. C3486 
2 

RUN NO. 
*SAMPLE NO. D-7 

CHALKING 

(ASTM 0659) 

BLISTERING 

(ASTM 07141 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION I 

I PEEL I NG 

J CRACKING 

CHECK1 NG 

9 

N 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,O,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.5-15 



PAINT SAMPLE EVALUATION 

DATE:  
B Y :  

PROJ. NO. C3486 
2 RUN NO. 

*SAMPLE NO. b - 6  

CHALKING 

(ASTM 0659)  

BLISTERING 

(ASTM 07141 

FLAKING 

(ASTM 0772) 

1 
D EL A M I N AT1 0 N 

PEELING 

CRACKING 

CHECKING i 
COMMENTS: 

N 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES O F S Y S T E M  C 
PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B e  5-16 



PAINT SAMPLE EVALUATION 

DATE:  J 23  73 

B Y :  %-1. v, 

CHALKING 

(ASTM 0 6 5 9 )  

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION I 
PEEL I N G  

CRACKING 

J CHECKING 

2 
RUN NO. 

*SAMPLE NO. E - 3  

F r o n t  

9 

N 

PROJ. NO. C3486 

COMMENTS 1 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE A N Y  SOFTENING OF TOPCOAT 

B. 5-17 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
2 

D A T E ;  A/r23/7J RUN NO. 
B Y :  C J  *’V *SAMPLE NO. g - 4  

CHALK ING 

(ASTM D6591 

BLISTERING 

(ASTM D714) 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION I 

I PEELING 

CRACKING 

CHECKING 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,O,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 5-18 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
2 RUN NO. 

"SAMPLE NO. F - 3  

CHALKING 

(ASTM 0659) 

BL I STER I NG 

( A S T M  0714) 

FLAKING 

( A S T M  0772) 

1 
DELAMINATION 

PEELING 

CRACKING 

CHECKING J 
COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F ,G,TI  

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B e  5-19 



PAINT SAMPLE EVALUATION 

CHALKING 

(ASTM 0659)  

B L  I STERl N G  

(ASTM D714) 

FLAKING 

(ASTM 0772)  

D EL A M IN AT 

PEELING 

CRACKING 

CHECKING 
O J  

& - RUN NO. 
%AMPLE NO. 

9 

PROJ. NO. C3486 
3 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 
EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE A N Y  SOFTENING OF TOPCOAT 

B. 5-20 



PAINT SAMPLE EVALUATION PROJ. NO. C3486 
2 

R U N  NO. 
*SAMPLE NO. F -7 

CHALKING 

(ASTM 0659) 

BLISTERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
D EL A M I NATlO N 

PEELING 

CRACKING 

CHECKING 

N 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B, 5-21 



?AlNT SAMPLE EVALUATION 

B Y :  

CHALKING 

(ASTM 0 6 5 9 )  

BL I STERING 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

- 
D EL AM I NATlO N 

PEELING 

CRACKING 

CHECK I NG - 

L 
RUN NO. 

*SAMPLE NO. F - 8  

N 

PROJ, NO. C3486 
n 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.5-22 



PAINT SAMPLE EVALUATION 

D A T E :  
B Y :  

PROJ. NO. C3486 
3 c RUN NO. 

*SAMPLE NO. G - 5  

CHALKING 

(ASTM 0 6 5 9 )  

BLISTERING 

(ASTM 0714) 

F L A K I N G  

(ASTM 0 7 7 2 )  

0 E LA M I N AT 

PEELING 

CRACKING 

CHECKING 

9 

N 

* EVALUATE WORST FACE OF SYSTEMS A,E,O,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.5-23 



PAINT SAMPLE EVALUATION 

DATE:  

CHALKING 

(ASTM 0659)  

~ 

EL I STER I N G 

(ASTM 07141 

FLAKING 

(ASTM 0772) 

0 EL A M I N AT 

PEELING 

CRACKING 

CHECK I NG 

COMMENTS: 

6 fS 

PROJ. NO. C3486 
m 
I 

RUN NO. 
*SAMPLE NO. G -6 

N 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OFSYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 5-24 



PAINT SAMPLE EVALUATION 

B Y :  J. c/ 
DATE 1 r J  2 5 / 7 3  

/ / 

PROJ. NO. C3486 
3 RUN NO. 

*SAMPLE NO. G -7  

CHALKING 

(ASTM D 6 5 9 )  

BL I STER I NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

1 
DELAMINATION I 

PEELING 

CRACKING 

J CHECKING 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G, I I 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES O F S Y S T E M  C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE A N Y  SOFTENING OF TOPCOAT 

B. 5-25 



PAINT SAMPLE EVALUATION 

DATE: 

PROJ. NO. C3486 

2 RUN NO. 
CI 

*SAMPLE NO. G 8 

CHALKING 

(ASTM 06591 9 

BLI STERl NG 

(ASTM 0714) 

FLAKING 

(ASTM 0772) 

- 
D EL A M IN AT1 ON 

PEELING 

CRACKING 

CHECKING 

COMMENTS: 

*EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B. 5-26 



FAINT SAMPLE EVALUATION PROJ. NO. C3486 

DATE &/J 3/42 RUN NO. A 
I 

B Y :  ($ J0 i / .  *SAMPLE NO. 

CHALKING 

(ASTM D659)  

BL I STERI NG 

(ASTM 07141 

FLAKING 

(ASTM 0772) 

PEELING 

CRACKING 

CHECK I NG 

bJ 

COMMENTS: 

* EVALUATE WORST FACE OF SYSTEMS A,B,D,F,G,TI 

EVALUATE FRONT FACE OF SYSTEMS E 

EVALUATE BOTH FACES OF SYSTEM C 

PHOTOGRAPH FACE THAT HAS BEEN EVALUATED 

NOTE ANY SOFTENING OF TOPCOAT 

B.5-27 



A ppe nd ix 

APPENDIX C 

STANDARDS OF EVALUATION 

C.1 

C.2 Evaluating Degree o f  Blistering o f  Paints (ASTM D714) 

C.3 Evaluating Degree o f  Flaking ( S c a l i n g )  o f  Exterior Paints (ASTM D772)  

C.4 Evaluating Degree o f  Resistance to  Checking o f  Exterior Paints (liSTf4 D660) 

C.5 Evaluating Degree o f  Resistance to Cracking o f  Exter ior  Paints (ASTM 0661) 

Evaluating Degree o f  Resistance t o  Chalking o f  Exter ior  Pa in ts  (ASTM D659) 

$6?%? FRANKLIN INSTITUTE RESEARCII LAHORATORIES - - c  M U Z \ ,  v a u i l i  ~ i , n ,  



AMERICAN SOCIETY FOR TESTING AND MATERIALS 

Standard Method o j 

EVALUATING DEGREE OF CHALKING 
OF EXTERIOR PAINTS’ 
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108 EVALUATING DLCRLE 01 Cmtrt~G 01 Exrurox Pirlms (11659) 

ings on a windy day and making t t d d i n ~  
at such a time should be avoided. I t  
should also be noted that rain or snow 
will remove chalk, so that readings 
should be made after a pericd of clear 
weather and when the surface is dry. 

5.1.3 It should be remcmkred tbat 
chalking and erosiona are dosely related 
and that erosion is a result of chalking 
failure. However, t h e  rate of rhnl t ing,  
as measured by  this method, and the 
rate  of erosion may not be cornpadle, 

For evrlurtron of e r d o n ,  H the S b a d d  
> l e t h a l  of E d u I t i n g  D c p  of RrsisLnea t o  
Erosion of Esterlor Pr inu (ASTM w r t i a n .  
L’ 6621, wh ich  appcui  in Lbu p u b l i u t m ~  

b w  some pigment aambirutiom 
tend to retain chrlk on the surface while 
otber pigment combinations exert a SCU- 
cleaning action by natural m- 

5.1.4 For convenience in recording the  
dah obtained, t h e  m r d s  m y  be kept 
on forms such ~9 the Single and Multi- 
Panel Forms for R m d n g  R d t s  of 
Expcarc Tests of Paints ( A X A f  Dcsig- 
nation: 0 1150).’*’ 

’ A n n u d  Rmt a/ AST.\l 
’Ttmm t e e d  W nu7 b &bmed from 

the American & M y  fm T W  m d  M . W .  
I916 h a  St, PhiMelphL,,P+ lolot ,  4 
from the F e d a r t r a  of psclecrsr for P u t  
TechndoCj*. 121 6. B m d  St. ,  Pkuldelpbu. 
PI. 19107 

Pan  21 



c, 2 

12 TFST F O R  EVALUATING BLISTERING or P m s  (D 714) 

Stondard Method of 

EVALUATING DEGREE OF BLISTERING OF PAINTS 

ASTM Designation: D 714 - 56 (Reapproved 1970) 

�his Standard of tbe American Society for Testing and Materials u issued under 
tbc b e d  duignation D714; the number immediately following the dw�gna- 
tion indicatu the year of original adoption or, iu t h e  case of mvisioa, t h e  year 
of last revision, A number  in p a r e n t h w  indiicata t h e  yeat of last rtapproval. 

Scope standards� shown in Figs. 1 to 4 rcptc- 

1, This method employs p h o t o p p h i c  
reference starrdards to emluatc the 
degree of blistcring tha t  may develop 
when pa in t  systems are subjected to 
conditions which will cause blistering. 
U M e  primarily intended *for use on 
metal and other nonporous sutfaccs, this 
method may he used to evaluate blisters 
on porous surfaces, such as wood, if the 
size of blisters falls within t h e  scope of 
these reference standnrdc. ?Vhen the 
reference standards are used as  a spccifi- 
cation of performance, the permissible 
degree of blistering of the paint system 
shail bc agreed upon by the purchaser 
and the seller. 

Reference Standards 

2. (0) The photographic reference 
-- 

sent two characterkticsof blistering:-sizc 
and frequency. �The size is described on 
an arbitrary numerical scale, and the 
frequency is described qualitatively. The 
photographs have been selected to show 
random distribution over the entire sur- 
face (Note 1). 

( b )  Sizc.-Referencc standards have 
been selected for four steps as to size on 
a numerical scale from 10 to 0, in which 
No. 10 represents no blistering. Blistering 
s t a n d x d  No. 8 represents the smallest 
size blister easily seen by the unaided 
eye. Ulistering standards Nos. 6 , 4 ,  and 2 
represent progrcssively larger shes. 

(c) Frequency.-Reference standards 
have b e n  selected for four steps in 
frequency a t  each step in size, designated 
8s follows: 

Dense, D, 
Mcdium dense, MD,  
Medium, M ,  and 
Few, F. 

KOTE 1. -A qcsntitativs phJsicxl  drscription 
of bli;tcrinc: wouId i n c l u ( l c  t h e  fol!on ing c h 3 r a c -  
teristici dctcrniirccl by ac tua l  coil t i t :  

S i r e  distribution in t c rms  of iiicnqun!ion 

F r q u r n c y  of occumrnce l w r  unit am, 
uniki, 

Procedure 

3. Subject the paint 6lm to the test 
conditions agreed upon by the purchaser 
and the seller. T h e n  evaluate the paint 
film for the degree of biistcring by 
comparison with the photographic refer- 
ence standards in Figs. 1 to 4. 

Reporting 

4 .  (a) Report blistering as a number 
(Note 2) designating the s h e  of the 

blisters and a qualitative term or symb 
indicating tbe frequency. 

( b )  Lntermediatc s teps  in size or frc 
quency of blisters may be judged b 
interpolation. 

(c) IC�hen the distribution of blistci 
over the area has a nonuniform patten 
use an additional phrase to  describe tk 
distribution, such as �small dustem,� c 
�large patches.� 

NOTE 2.-�The number refers to the large 
s i t e  blister t h a t  is numerous enough to be rcpr 
wntat ive of the  spedmen. For cramplc,  phott 
graphic standard No. 4, �Deusc,� hu blistc 
ranging in size from about No. 7 to  No. 4,  L 
clusive. 

(See Figr, 1 4  following) 
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c,  3 

AMERICAN SOCIETY FOR T S T I N G  AND MATERIALS 
1916 Race  st,, Philsdclphir, Pa., 19103 

R t p i i n d  from the Annual B-4 of ASTM Standards. Cnpyriphr A5ThI 

r S D I U T I O R  O? SOC-S FOR 
P U T  ZZCBIOLOOY STAIIDARD RO. Ld-b5S 

Standard Meihod of 

EVALUATING DEGREE OF FLAKING (SCALING) 
OF EXTERIOR PAINTS� 

ASTM Desiguation: D 772 - 47 (Reapproved 1970) 

Thij Standard of the American Society for Testing and Materials is issued under 
the fwd ddgnatioa D 772; the number im-d ia t e ly  following the ds igna -  
tion indicates the year of original adoption or, ia the czm of nvidon, the  year 
of last revision. A number in peulheses indicates the  yrar of h t  reapproval. 

1. Scope 

1.1 The photographic reference stand. 
ards includcd jn this  method arc repre- 
sentative of degrees of flaking (scaling) 
of exterior paint films. These standards 
arc primarily intended for comparative 
evaluation. 

2. Definition 

2.1 Flaking (scaling) is that phenome- 
non manifested in paint films by the 
actual detachment of pieces of the film 
itself either from i t s  substrate or from 
paint previnilsly applied. Flaking (scal- 
ing) is gencrdly preceded by cracking or 
checking o r  blistering, acd is the result of 
loss of adhesion, usually due to  strtus- 
strain factors coming into play.. 

3. Type of F l a w  (Scaling) 

is recognized, as defined in Section 2. 
3.1 Only one type of flaking (scaling) 

I Under the standardizstioa p r d r i r e  of the 
Swiety, this  methnd is under  the jurisdiction of 
tbs ASThf Committee D-1 on Paiut. Varnreh, 
facguer, and Rchttd Products. A list of mern- 
bm may be found in the  ASTM Year BoqL 

Cumnt  edition abospbd od. 15. IPI:. O r i p  
haUy k d e d  1W4. R s p h  D 772 - 44 1�. 

4. Use of Photographic Reference Stand- 
U d S  

4.1 T h e  use of t h e  photographic tcfer- 
ence standards� shown in Fig. 1 requires 
the following precautions: 

4.1.1 Care must be taken not to con- 
fuse various types of failure tha t  may be 
present  or^ the  same iurface. 

4-1.2 I t  must he realized that degree of 
failure will T-ary over d n \ *  given area. 
Therefcrc, an a \wagr  ~ i o r ~ i o n  of the him 
should be u d  for cnmparison. 

4.1.3 I n  tec1:nicaf Iiterdture, a distinc- 
tion is sometimes made brtmen U p  
and ~ ~ d h g .  In most WE, however, 
&king and scaling refer to t h e  same 
phenomeqon. In somc instances, the 
te rm Baking i3 used to desuiie t h e  de- 
tachment of pieces of film less than f in. 
in size, and scaling, the detachment of 

�Copies of the Erpo.3ura S t m d r n l s  Msaml  
prepared by tbc Fedrmtlon of h i e t i a s  for 
P a n t  Technology, giving actunl photogr�aphs of 

m r i o u  typea of lailnrecr of exterior parch.  msy 
k obtsinpd from the S w r e t n t y  of the Fa?irm 
tion. 121 South Broad S?., PhiladelyLu, I�* 
19107. 

pi- over i in. ia size In other in- 
stancu, the term U i n g  is ustd to dc- 
scribe the detacbrncnt of p i e  of a m  
from the imm&tt n n d c r a t  (inter- 
mat failure) and scaling the detachment 
of P;ccu from thc base (complete fail- 
ure). It should be kept in mind that 
the U a  may vary widely in size and 
dupe from those Uustnted by the refcr- 
trice standuds in F4.1, varying from a 
fnctian af UI inch to several inches in 
sia. 

4.1.4 Peeling is frequently due to a 
moisture condition and when this is evi- 

dent it should be taken into considrra- 
tion in any evaluation. 

4.1.5 For convenience in recording the 
data obtained, the records m y  be kept 
on forms such aa b e  Single and hlulti. 
Panel Forms for Reaxding Rtsulb 
of Erpasure Tests of Paints (ASTBZ Des- 
ignation: D 1150).a*4 

a A n n a  Book of ASTM Sbndards, Part 11. 
�Them record sbeeta may k obtdaed fmm� 

the h c r i c a n  Sccicty for Tastb~ and ,Mik- 
h b ,  1018 h c a  St., Phitadelphi., Ph 18103 
and from the Federstion of Societh for Paint 

10107. 
T ~ ~ ~ O I W ,  121 B. ~ - d  a+, P b h e l p h k ,  P.. 

135 
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c. 4 

PEDEIUTlOIl O? SOCJXBWS FOR 
P N N T  TECHNOLOGY S T A N D U D  HO. Ld-3-U 

Standard Method of 

EVALUATING DEGREE OF RESISTANCE TO CHECKING 
OF EXTERIOR PAINTS’ 

ASTM Designation: D 660 - 44 (Reapproved 1965) 

This Standard of the American S x i e t y  for Testing and Materials is issued i inder  
t h e  fixed designation D 6661); t h e  nuni l rcr  immediately following thc. dcs ipa-  
tion indicates t h e  !’ear of original dtlopiion or,  in the case of revision. t h e  year 
of last rcvision, A number in parentheses icdicates the  year of last reapproval. 

h’oTe.--Ediloria~ changes in Section 4(g) were made in 
January, 1955. The t i t le ,  and Sections 1 and 4(d) were cdilori. 
ally reviscd in June, 1961. 

Scope 

1. The photographic reference stand- 
ards included in this r n e t l m l  a re  repre- 
sentat ive of degrees of resistance to 
chccking of exterior paint films. These 
st;lnJards. are primclnly intended ior 

Definition 

2. Checking is thd t  phenomenon mani-  
fested in p i n t  films by slight breaks in 
the film tha t  do not peiietrate to t h e  
underil ing sutiace. T h e  break should be 
d i e d  a craclrl if t hc  underlying surface 
is vizitle. \Vheie prwision is necessary 
in evaluating a paint film, checking may 

comparati;le evdu n t ’  loll. 

be described as visibIe (as seen with the  
n a k d  eye) or as microscopic (as ob- 
sewtd u n d e r  a rnagnifcition of 10 diarn- 
eler3). 

Types of Checking 

3. Three  t y p e s  of chec!&g arc recog- 
nized.  

Irregular Pdfcrn  Typc.-Chec!&g in 
which the  breaks develup in the surface 
of th: film in no definite pattern. 

t i n e  Typt.-Checking in which the 
breaks in the surface 01 the film are 
generally arranged in pa~-dllel lines, 
usually e i the r  horizontally or vertically, 
over the  surface of the fih. These 
breaks often follow t h e  line of brush 
m a r k .  

Crm$oo! Type.-Checking in which the  
b r e a k  in t h e  surface of the film form in  
a definite three-prong pattern wi th  t h  
breaks mnning  from a centcr and fcrm 
ing an angle of a b u u t  120 deg between 
t h e  prongs. 
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EVALUATWG DEGREE OF CBECKLNC OF EXTERIOR PAWS (D 660) 115 

Use of Photographic Reference Stand- various types of failure that may be 
present  on the  Same surface. ards 

4. The use of the  photographic refer- (c) It must  be realized that the  degree 

Therefore, a n  average portion of thr 

( d )  Paint films may collect excessive 
quantities of dirt ,  which may mask the 

ence standards3 shown in Fig, 1 requires of failure Over given area. 

the following precautions: 

reference s tandards  show line-type check- 
. 

(a) The accompanying ’photographic film should be used for Comparison. 

iype and degree of failure. If necessary 
d i r t  should be removed by careful and 
gen t l e  b rushhg  wi th  a mcderately soft  
brrish. 

(c) The use of a microsrope is rccom- 
mended to detect and cvaluatc incipient 
checking.  
if) T h e  KO. 8 standard must be ex- 

ilmjncd closely under  adequate  lighting 
condition.; to distinguish the failure 
present .  For the  sake of clarity, a 10- 
diameter niagnification of No, 8 check- 
ing is shown in Fig. 2, as well as the 
unmagnihed view shown in Fig. 1. 

(g) For convenience in recording the 
data obtained, the recards may be kept 
on forms such as the  Single and 3Zulti- 
Panel Forms for Recording Results of 
Exposure Tests of Pzints (XSTJI Desig- 
nat ion 1) 1 1 3 1 ) , 4 ~ 5  

’ h ~ i ~ a 3 r s  in  thw publ icat i in  
T1.t.s record s h e e t s  n,x\  be obtained from 

t h c  . 4 r r .~ r i can  S o c i r f \  for Testing and 5 f a t e t i n l s .  
l916 : ? a r c  S t ,  I’hilsdCiphis 3,  P a ,  and from 
t ) i p  Febcrat ion n l  Yocietie3 i u r  Pnrnt T e c h n o l o u ,  
l r ’ l  h !\road S t ,  Philadelphia 7 ,  Pa 



c. 5 

Standard Method of 

EVALUATING DEGREE OF RESISTANCE TO CRACKmG 
OF EXTERIOR PAINTS’ 

ASTM Designation: D 661 - 44 (Reapproved 1970) 

This Stsndard of the American k i t t y  lor Testing m d  Materials is issued u d u  
the fixed designation D 661; t he  number inirnediatcly falIowing the  designa- 
tion indicates the year of o r i g i ~ l  adoption or, in t h e  caw of revision, the year 
of last revision. A number in p a r e n t h e m  indicates the y m  of kqt reapproval. 

Scope Types of Cracking 

1. T h e  photographic reference stand- 
ards includcd in this method arc repre- 
sentative of degrcs of resistance to 
cracking of exter ior  paint films. These 
standards are primarily intended for 
comparative evalila tion. 

Definition 

2. Cracking is t h i t  phenomenon mani- 
fested in paint films by a break extending 
through to the  surface painted. I n e r e  
this is difGcdt to determine, the break 
should be called a crack only i f  the undcr- 
lying surface is visible. I’he use of a 
mgni6ca t ion  of 10 diameters is recorn- 
mended in cses where it is dimcult to 

3. Three typcs of cracking are recog- 
nized: 

Irregdur Puiicrri Type.-Cracking in 
which the breaks in thc film ate in no 
definite pattern. 

Litit Type.-Cracking in which the  
breaks in tbe film are gcnerally arrangpd 
in parallel lincs, usually either hori- 
zontally or vertically, over the surface of 
t h e  lilrn, These breaks often foliow the 
fine of bntsb marks. 

Sigmuid Typc.-Crxking in which the 
b m d s  in  the film fonn a pattcrn con- 
sisting of curves meeting and inter- 
secting, usually on a relativciy large 
scale. 

daerentiate between cracking and cbcck- use of Photographic Rtference Staod- 
ards ing? 

Under tbs rtandudiution prorrdurr of tb 
Gacicty, thip method ie under tbc juridiction of 
t h e  MThl Committee D-1 on Paint. Varnish, 
Lacquer, and  Related Produclr  

Currant edition a m p d  S t p t .  15, 1944. Ork- 
Lprlly h e d  1942. rep lac^ D 661 - 42 T. 

’For evaluation of checking, we the h l e t h d  
of E n l u t i n g  Uegree of Resistance to Checking 
>I Exterior Paint, (ASTM Deaignmtion: D G60). 
which appcrrs in thu pubt iu l ioe  

4. T h e  use of the photographic refer- 
ence standards’ shown in Fig. 1 requi rs  
the following precautions: 

C o p i a  of t b e  Exposure Stmdards M u i d  
preprred by the  Federation of Societies for 
Paint Techndogy aiving m c t u a l  photographs of 
various type4 of failures of exterior paints, may 
tm obtained from the Secrehry of the Federa- 
tion, 121 Booth Broad 8t. PkiLdclphia. PI fDIO7. 

(8) The accompanying photographic 
reference standards show line-type crack- 
ing only. I n c p l n r  and sigmoid-type 
eracking may also besintcrpreted from 
thue photographs. 

(6) Care must be taken not to confuse 
various types of failure that m a y  be 
present on t h c  same surface, l h i s  iS 
particularly t rue in  observing cracking 
and checking. Cracking may very often 
be an advanccd stage of chcdrinpr and is 
very ol len in rvidcnce along with chcck- 
ins and other kilurcs. 

(c) I t  must be realized that the dcgrec 
of failure will vary over any given arca. 
Tliercfart, an avcrnge portion of the  
film should be used for comparison, 

(4 Paint films may collect excessive 
quantities of dirt, nhich m a y  mask thc 
type and degree of failure. Lf neccssary, 

(c) I n  examining I V ~  pancls frlr 

cracking failure, the pwsibility 01 wood 
failure should be recopixcd,  This takes 
t h e  form of a cracking or splitting of t!te 
w d  itself wjth a rrslrltmt mptr:rc of 
the paint  film. Also, s o m e  panels wiU 
develop "resin spewin;" which will cause 
early failure by crarl.ipg. T b s e  pointb 
should be taken into cor.sidcration iq 

any cvduat ions.  
(I") For conveniciice recording t1q.t 

data obtained, the r m m h  moq’ be kt ; l t  

on forms such as the Sini;lr and 3iclti- 
Panel Forins for Kccording Resulfh rf 
Exposure ’r’cts of Pniqts (jIST>I Pr.ii<- 
nat ion:  D 1150.’*’ 

i l l  
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No. 8 S o ,  b 

so. 4 K O .  2 

FIG. l,--l)egers of CrncLinT. 
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APPENDIX D 

CERTIFICATION OF RADIATION EXPOSURE 

D.l 
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Summary Report o f  Dosimetry Tests Conducted by 
Neut ron  Products ,  Inc.  



March 20, 1973 

Mr.  Nissen Burstein 
The Franklin Institute 
Twentieth and Parkway 
Philadelphia, Pennsylvania 19103 

Dear Nissen: 

Attached is a summary of dosimetry performed on the Neutron Products 12" 
in-pool research irradiator which was used in the Stone and Webster tests in 
November of 1972. Please refer to the attached drawing for the location of 
the dosimeters relative to your test volume. 

Dosimeters 1 through 3 were placed on the centerline of the inner steel pressure 
vessel which was positioned inside the steel outer vessel. These represent the 
centerline dose rate at the lower dose rate cobalt-60 loading unattenuated by the 
Stone and Webster samples, and average 0.68 megarads/hour. 

Dosimeters 4 through 6 a r e  similarly placed on the centerline but at the higher 
cobalt-60 loading, again with no samples present, and show a dose rate of 1.25 
megarads/hour. Dosimeters 7 through 9 ,  located on the circumference of the 
inner vessel, were exposed at the same time as 4 through 6 and averaged 1.24 
megarads/hour. 

Dosimeters 10  through 17  were located in the inner vessel which had been 
loaded with dummy samples to gain some indication of the attenuated dose rate. 
In the top level which contained concrete samples, the dosimeter (#11) on the 
outside of one of these showed the dose rate to be 0.57 megarads per  hour and 
the dosimeter (#lo) positioned on the inner surface of the same block indicated 
0.47 megarads per  hour. The second level contained 4 concrete, one 3/8" 
transite, two 3/8" steel, and one 20 gauge steel samples. The dosimeters 
placed on the inner (#12) and the outer (#13) surfaces of the 3/8" steel sample 
read 0,56 megarads per hour and 0.58 megarads per hour respectively. The 
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Mr.  Nissen Burstein 
The Franklin Institute 
March 20, 1973 
Page 2 

third level contained four 3/8" steel samples and four 20 gauge steel samples. 
The dosimeters (#14 and #15) on one of the 20 gauge samples indicated that 
both the inner and outer surface dose rates were 0.68 megarads per hour. The 
bottom layer contained all 3/8" steel and had a dose rate of 0.4 megarads per 
hour on the inner surface (#16) and 0.43 megarads per hour on the outer (#17).  

Dosimeters 18 through 22 had been placed 5"  apart on the centerline of our 
aluminum vessel (not shown in drawing) prior to this test, and indicate the 
dose distribution. These show a dose rate of 1 .24 ,+ 0.1 megarads/hour over 
16" vertical distance near the middle of the vessel in the irradiator with the 
identical cobalt-60 loading as the low dose part of the Stone and Webster test. 

If I may be of further assistance please contact me. 

Sincerely, 

NEUTRON PRODUCTS, INC. 

Dudley G. Woodard, Manager 
Service Irradiations 

DGW/cbl 

Enclosure 

MbTRON PRODUCTS inc 
D. 1-2 
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C e r t i f i c a t i o n  o f  I r r a d i a t i o n  Performed a t  
Neutron Products ,  I n c .  



DATE: February 20,  1973 

CERTIFICATION O F  IRRA.DJATIOS 

L O T  NO. Stone and Webster Paint Test  

C U S T C ) ~ ; ~ ~ R  Franklin Institute 
Research Laboratories 
Twentieth and Parkway 
Philadelphia, Pa. 19103 

Samples of Painted Concrete and Metal  Substrates 

:?.FAgIATIOY COSX In Container Without Samples 

- P a r t  Exposure Time Dose Rate Dose 
Test 1. (November 1972) A 1 hour 1.25 Mrad/hr  1 .25  Mra 

Test 2 .  (January 1973) A 1 hour 1.22 Mrad/hr 1 .22  M r a l  

1 B 168 hours 0.676 Mrad/hr 1.14 X 1 0  hIrac 

B 166 hours 0.661 Mrad/hr 1.10 X 1 0  hlrac 

I . I  EXPOS33 D9SE CALCULATED FRO3l FRICKS - 
. I MINIMUM 3 9 S C  CORRECTED FOR % ATTXXUATION - - 



The Frank l in  I n s t i t u t e  Research Labora to r i e s  (FIRL) was e s t a b l i s h e d  i n  

1946 as the  r e sea rch  d i v i s i o n  of The F rank l in  I n s t i t u t e ,  which was founded 

i n  1824. 

As a no t - fo r -p ro f i t  o r g a n i z a t i o n ,  independent of commercial and academic 

i n t e r e s t s ,  FIRL under takes  r e sea rch ,  development, and eng inee r ing  projects 

�or both government agencies  and p r i v a t e  i n d u s t r y  i n  t h e  United S t a t e s  

and abroad,  

The Research Labora to r i e s  has  a t e c h n i c a l  s t a f f  of approximately 300. 

It i s  organized  i n t o  1 7  Labora to r i e s ,  grouped i n t o  s i x  o p e r a t i n g  Depart- 

ments: M a t e r i a l s  Science and Engineer ing,  Mechanical and Nuclear  Engineer- 

ing, Chemistry, E l e c t r i c a l  Engineer ing,  Systems Science,  and Sc ience  

Informat ion  Se rv ices .  The L a b o r a t o r i e s  a l s o  main ta ins  a f u l l  Support 

Se rv ices  Department which inc ludes  a p u b l i c a t i o n s  group, photographic  

Labora tory ,  i n s t rumen t  r e p a i r  and c a l i b r a t i o n  shop, and a l a r g e  machine 

shop. 
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Appendix 3E1

Geotechnical Investigations
and

Soil Sample Testing
for the

Service Water Reservoir

This appendix discusses geotechnical investigations in the vicinity of the North Anna service
water reservoir. It is comprised of correspondence and technical reports that were prepared to
address NRC concerns, raised during plant licensing, about service water reservoir and pump
house settlement. This information has been preserved as originally submitted and is not intended
or expected to be updated for the life of the plant.

1. Appendix 3E was submitted as Appendix E in the original FSAR. (see also page 3E-1)
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Appendix 3E
GEOTECHNICAL INVESTIGATIONS AND SOIL SAMPLE TESTING

FOR THE SERVICE WATER RESERVOIR

This appendix discusses geotechnical investigations in the vicinity of the North Anna
service water reservoir. It is comprised of correspondence and technical reports that were prepared
to address NRC concerns, raised during plant licensing, about service water reservoir and pump
house settlement. This information has been preserved as originally submitted and is not intended
or expected to be updated for the life of the plant. As such, Appendix 3E has not been updated to
reflect current plant conditions and analyses. An updated discussion of the service water reservoir
and pump house can be found in Section 3.8.4. This appendix was originally submitted, as part of
Amendment 44 to the license application, as Appendix E. The attachments were added as follows:

1. Attachment 1, dated December 5, 1975, was initially submitted as part of Amendment 44.

2. Attachment 2, dated December 31, 1975, was initially submitted as part of Amendment 49,
identified as Appendix F.

3. Attachment 3, dated June 21, 1976, was initially submitted as part of Amendment 54,
identified as Appendix L.

4. Attachment 4 was excerpted from the response to NRC comment P3.8.

5. Attachment 5 was excerpted from the response to NRC comment P3.8.

3E.1 INTRODUCTION

This Appendix completes the response required by Mr. A. Schwencer’s letter of
July 24, 1975, and its attached document, P3.6, Settlement of Service Water Pumphouse and
Dikes. The results of additional borings and laboratory tests are included, together with
discussion, interpretation, and application of new data to analyses of pump house settlement, dike
stability, seepage, and liquefaction.

3E.2 DIKE AND FOUNDATION CONDITIONS

3E.2.1 Description of Reservoir and Purpose of Investigation

The Service Water Reservoir consists of a spray pond, approximately 9.1 acres in size,
which was sized to supply service water to Units 1, 2, 3, and 4. The reservoir is formed by an
earth-rock dike with a 2-foot-thick clay lining. The maximum height of the dike is 33 feet and
maximum design water depth is 10 feet. Service water is circulated from the reservoir by means
of two pump houses located in the inner dike slope. Service water lines run from the pump houses
to the station.
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Construction of the dike and Service Water Reservoir lining, including the pump house for
Units 1 and 2, was completed in July 1973. The pump house for Units 3 and 4 is currently under
construction above the reservoir level. The pump house for Units 1 and 2 has experienced
settlement since construction with a maximum settlement of 0.56 feet at the northwest corner. A
separation of the east wing wall and some minor cracking of the west wing wall has also occurred.

An additional boring and testing program was carried out during the fall of 1975 for the
purpose of documenting in more detail the foundation conditions and dike fill characteristics
influencing pump house movement, particularly those at the maximum dike sections at the pump
house for Units 1 and 2, and at a section on the southeast side of the reservoir.

Specific objectives of the investigation were:

1. Determination of sound bedrock elevations beneath the dike.

2. Laboratory evaluation of consolidation parameters for foundation materials.

3. Determination of ground-water elevations at the pump house for Units 1 and 2 and southeast
dike sections.

4. Evaluation of the cyclic shear strength of foundation soils.

5. Evaluation of the static shear strength parameters for the dike and foundation soils.

3E.2.2 Borings and Instrumentation

Seven exploratory borings and nine instrumentation installation borings were made during
the period August 27, 1975, through September 18, 1975. The location, depth of borings, and
materials encountered are shown by the boring logs, plan, and profiles in Sections 3E.2.5
and 3E.2.6.

Exploratory holes were 4-inch-diameter wash borings advanced by roller bit. These holes
were uncased except near the surface, where rockfill material was encountered. Drilling mud was
used in some instances to prevent caving. Completed holes were backfilled with cement grout.

Instrumentation borings consisted of three 8-inch-diameter holes for slope indicators, three
4-inch-diameter holes for piezometers, and three 4-inch-diameter holes for reference monuments.
Drilling mud was used in slope indicator and reference monument borings, and clean water was
used for piezometer borings.

Except for SWR-7, 8, and 9, exploratory and slope indicator borings were advanced to
sound rock, defined as the depth at which penetration by the roller bit was less than 1 inch per
2 minutes by prior agreement with the NRC. Borings SWR-7, 8, and 9, located along the south
side of the reservoir, were carried to depths sufficient for correlation of materials.
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Exploratory borings and borings for piezometers and slope indicators were logged and
sampled. Standard penetration tests were made at approximately 5-foot intervals. Forty four
3-inch-diameter undisturbed tube samples and 178 split-spoon samples of dike and foundation
material were recovered. Of the undisturbed samples, 43 were obtained by fixed piston Shelby
tube sampler, and one was obtained using a 3-inch Dennison sampler. Undisturbed samples were
handled in accordance with Specification NAS-445 (Specification for Instrumentation Borings
and Subsurface Sampling) and ASTM D1587-67. They were transported to the Stone & Webster
Boston soils laboratory in vehicles driven by Stone & Webster personnel involved in the field
investigations.

Piezometers of the pneumatic diaphragm type and slope indicators were manufactured by
Slope Indicator Company of Seattle, Washington. Two reference monuments consist of grouted
4-inch flush joint casing carried to sound rock. In the third reference monument, the casing
stopped 38 feet above sound rock. A 50-foot-long No. 6 rebar was placed in the center of the
monument to connect the cased portion with the uncased portion.

3E.2.3 Soils Testing Program

Laboratory tests reports and data are included in Section 3E.2.7.

Field classifications and descriptions of all samples were checked by the Stone & Webster
Boston geotechnical laboratory. A series of grain size analyses and Atterburg Limit tests were
performed on dike and foundation materials.

In-place density and natural water content were determined for 22 undisturbed samples of
foundation material and for five undisturbed embankment samples. Additional data on
embankment density were obtained from construction test records.

Fifteen one-dimensional consolidation tests were performed on undisturbed samples. Tests
were run at both constant rate of strain and by loading in increments. Specimens were trimmed to
2.5 inches in diameter where possible; nonplastic samples were tested in sections cut from Shelby
tubes.

Cyclic triaxial tests on foundation samples were performed by Geotechnical Engineers,
Inc., (GEI) of Winchester, Massachusetts. Reports on the results of these tests are presented as
Attachments 1, 2, and 3.

Consolidated undrained triaxial compression tests with pore pressure measurements were
performed on two embankment samples and on five foundation samples. Two direct shear tests
were run on foundation samples.
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3E.2.4 Presentation of Data

3E.2.4.1 Foundation Conditions

All borings encountered fill, residual soil, and saprolite grading to sound rock, with depths
to firm rock varying from 64.0 feet to 104.8 feet along the dike centerline. The materials are silts
of low to moderate plasticity near the surface (ML or MH), grading to coarser grained material,
classified as SM, SP, and SP-SM at greater depths. The saprolite retains the foliation of the parent
rock and exhibits cementation of particles. The residual soil overlying the saprolite is shallow
(less than 10 feet) or nonexistent in some locations. Mica is present in most samples.

Blow counts are erratic, indicating the presence of hard inclusions less severely weathered
than the surrounding material, or the effect of mica, which may reduce blow counts by as much as
50%. In general, however, blow counts increase with depth, from values less than 20 near the
original ground surface, to well over 100 near the sound rock surface.

The approximate elevations of sound rock along the centerline of the dike and on sections
through the dike are shown on the subsurface profiles and sections in Section 3E.2.6. For the
purpose of engineering calculations, the lower boundary of compressible material would be
somewhat higher in a zone where standard penetration test values exceed 100 blows for 6 inches.

Except for one Shelby tube sample from SWR-6, laboratory measurements of in-place
density ranged from 83.3 to 112.5 pcf, with an average of 94 pcf. The sample from SWR-6 (ST-4)
had measured densities of 72.3 and 66.4 pcf but was disturbed during sampling.

The highest measured ground-water level in the service water reservoir area is
Elevation 291 (Dames & Moore boring 46 in the center of the water storage area). At the
southeast dike section, recent readings from piezometer P-10 indicate a ground-water level at
Elevation 274. At the section near the pump house for Units 1 and 2, piezometer P-11 (near the
centerline of the dike) reads Elevation 281, and P-12 (downstream toe) reads Elevation 277. These
elevations place the ground-water table approximately 10 feet below the original ground surface
at the dike centerline at both sections. When the phreatic surface is fully developed under
operating conditions, the water surface is expected to be approximately at Elevation 287-290
under the dike at both sections (Section 3E.4), an increase of less than 10 feet.

Triaxial tests on two foundation samples indicated effective friction angles of 30.5 and
31.1 degrees, while direct shear tests on two samples gave values of 32.4 and 37 degrees, which
would represent foundation strength in stability analyses of sections defined by a circular failure
surface. Triaxial tests on foundation material where failure occurred along foliation planes gave
effective friction angles of 17.3, 18.8, and 23.3 degrees.

Consolidation test data are shown in Section 3E.2.7 and discussed in detail in Section 3E.3.
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Permeability of foundation materials determined from consolidation test data ranged from
2 × 10-7 to 4 × 10-5 cm/sec.

Samples for cyclic triaxial testing were selected after examination of material classifications
and standard penetration test results, and consideration of liquefaction potential using the Seed
and Idriss simplified procedure. The samples selected represented the only questionable zones.
Analysis of test results is discussed in Section 3E.6.

3E.2.4.2 Service Water Reservoir Embankment

Zonation and materials used in the constructed dike sections are shown in Section 3E.2.6.
Select fill material is a highly plastic, sandy clay or silt (CH or MH), and random fill is similar
material that may be somewhat less plastic and that in some cases is classified as SM material.
Both zones were placed at or above 95% of maximum standard Proctor density. Specifications for
select fill required a plasticity index of 15 or above. Laboratory tests on samples of fill material
from borings P-11, SI-1, SWR-6, SWR-3, SWR-5, SWR-7, and SWR-8 showed PIs in all cases
greater than 8, ranging upward to 38.

In-place densities from tests in the general area of the maximum sections at the pump house
for Units 1 and 2 and the southeast dike section were extracted from construction test records.
Locations and test values are shown by Figures 3E-1 through 3E-3. The average of all tests in
these critical areas is 93.3 pcf, slightly but not significantly lower than the average of 95 pcf for all
field tests made.

Five laboratory measurements on undisturbed samples of fill material taken from borings
SWR-6, P-11, and P-12 gave values of in-place dry density of 90.9, 93.9, 103.0, 92.5, and 82.0.

A one-dimensional consolidation test on an undisturbed sample from boring P-11
(Section 3E.2.7) showed a unit strain potential of 0.0375 ft/ft under a load of 4040 psf,
approximately equivalent to the maximum loading on embankment material at the base of the
maximum section.

Two consolidated-undrained triaxial shear tests were made on undisturbed samples of
compacted fill from boring SWR-6 (southeast dike section). Effective friction angles of 34.7 and
35.1 degrees were obtained. A similar test on a sample taken from beneath the toe of the dike at
the pump house for Units 1 and 2 gave an effective friction angle of 31.1 degrees.

3E.2.5 Boring Logs

Boring logs are presented in Figure 3E-4. Descriptions of materials are from field records,
modified where appropriate by laboratory examination of samples.
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3E.2.6 Boring Locations, Profiles, and Sections

Locations of borings are shown by Figures 3E-5 and 3E-6. Profiles along the centerline of
the dike are shown by Figure 3E-7.

Sections through the dike at the southeast section, pump house for Units 1 and 2, and in the
north-south direction through the reservoir are shown by Figures 3E-8 through 3E-10.

3E.2.7 Laboratory Test Results

3E.2.7.1 General

Descriptions of all the undisturbed samples taken in the course of the current investigation
are given in Table 3E-1. These descriptions are based on soil classifications in accordance with
the Unified Soil Classification System, as described in ASTM D 2487, and contain terms defined
in ASTM D 2488. The bases for these descriptions are not entirely applicable to the residual soil
and saprolite underlying the service water reservoir. The descriptions do not clearly indicate the
relict structure and foliation in these materials or that certain size fractions and types of minerals
occur in layers or zones. The words “fine sand” must be interpreted to mean “particles of hard
material having the same size range as fine sand (that is, between the No. 40 and the No. 200
sieves).”

The order in which data are presented in Table 3E-1 (and in Table 3E-2) is in accordance
with the following locations of the borings:

1. Pump house for Units 1 and 2

2. Maximum dike section (at southeast corner of reservoir)

3. Spaced around crest of dike

Borings P-11

SI-1

P-12

SI-2

Borings SWR-6

SI-3

P-10

Borings SWR-3

SWR-4

SWR-5

SWR-7

SWR-8

SWR-9
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Table 3E-2 presents the densities, water contents, and classification indexes that were
determined and indicates, by code letters in the right-hand column, the tests that were performed
on the undisturbed samples. Results of the indicated tests are presented in the subsequent tables
and figures, with the following two exceptions. First, the gradation curves have not been included
due to their bulk. However, the percentages of fines given in Table 3E-2 and the descriptions of
the samples given in Table 3E-1 are taken from these gradation curves. Second, the results of the
cyclic triaxial tests are given in Attachment 1.

3E.2.7.2 Consolidation Tests

The 15 consolidation tests are summarized in Table 3E-3, which also indicates the test
number assigned to each test. The plots of vertical strain versus log of stress for all the tests have
been collected in Figure 3E-11, with each curve identified by the test number given in Table 3E-3.
Plots of vertical strain versus log of stress and change in height versus log of elapsed time for the
individual tests are given in Figure 3E-12 in the same order as the test numbers.

3E.2.7.3 Strength Tests

The eight consolidated-undrained triaxial compression tests are summarized in Table 3E-4,
which also indicates the test number assigned to each test and the type of material (dike fill versus
foundation) that was tested. Mohr effective stress circles are shown in Figures 3E-13 and 3E-14
for the tests performed on the dike fill and foundation materials, respectively. Each stress circle in
these figures is identified by the test number given in Table 3E-4. Plots of stress versus strain for
the individual triaxial tests are given in Figure 3E-15 in the same order as the test numbers.

Plots of stress versus displacement for the two drained direct shear tests of foundation
material are given in Figure 3E-16.

3E.3 SETTLEMENT OF PUMP HOUSE FOR UNITS 1 AND 2

3E.3.1 Settlement History

The SWR pump house for Units 1 and 2 is a rigid concrete structure founded at
Elevation 297 on a bedding layer of compacted select fill below the original ground surface. Upon
completion of the structure on August 25, 1972 (the starting time for settlement plots), the
random fill of the dike was placed around and against the structure to Elevation 318. This fill
placement was completed on October 16, 1972 (after an elapsed time of 52 days). Settlement
measurements of points at the corners of the pump house operating floor (at Elevation 328) taken
on December 4, 1972 (after an elapsed time of 101 days), revealed that the pump house was tilting
toward the northwest and had already undergone an average settlement of 0.12 foot. This
magnitude of average settlement was equal to the total settlement initially estimated in 1970.
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The initial settlement estimate can be rationally substantiated. If a recompression index, Cr,
of 0.010 vertical strain per log cycle of stress change were assumed for the foundation material,
the total settlement under the center of the pump house would be calculated as 0.12 to 0.14 foot. A
value of Cr equal to 0.010 would have been a reasonable assumption for a saprolite, agrees with
values empirically correlated with the water contents, and corresponds to values measured in
some consolidation tests performed by Dames & Moore before the prediction was made.

As shown in Figure 3E-17, settlement continued under this loading at a low rate (about
0.0013 vertical strain per log cycle of elapsed time) until mid-1973, when the average total
settlement of the pump house had reached about 0.15 foot. On June 11, 1973, excavation was
started in the slope north of the pump house for the service water lines. Fill placement in the
excavated area and on the dike began July 10, 1973 (after an elapsed time of 319 days), and was
completed on May 10, 1974 (after an elapsed time of 623 days), with the crest of the dike at
Elevation 327.5. During the period of fill placement, the rate of settlement increased (to about
0.00041 vertical strain per log cycle of elapsed time) and the average total settlement of the pump
house had become about 0.20 foot by the time the dike in front of the pump house had been
brought to its final elevation.

In March 1974, the settlement prediction for the pump house was reevaluated on the basis
of the record of measured settlement. The average rate of settlement prior to that point in time was
determined to be 0.0024 vertical strain per log cycle of elapsed time. Considering the settlement
to have become entirely due to secondary compression, this rate was assumed equal to the
coefficient of secondary compression, Cα, and was used to predict a future settlement due to
secondary compression of 0.156 foot over the next 40 years. In addition, the settlement of the
pump house due to impounding a 10-foot depth of water in the reservoir was calculated to be
0.098 foot. These two components of future settlement, when added to the existing average
settlement of 0.195 foot, indicated a total average settlement of 0.449 foot over the life of the
plant. Because of the conservative nature of the assumptions and calculations made to arrive at
that number, the FSAR was amended to reflect a figure of 0.40 foot.

Following a completion of the dike in May 1974, the rate of settlement increased to about
0.019 vertical strain per log cycle of elapsed time, through this rate decreased to about 0.006 by
July 1974 (after an elapsed time of about 680 days). By early December 1974 (after an elapsed
time of about 830 days), the average total settlement of the pump house had reached about
0.30 foot.

During December 1974 and January 1975, the pump house settled at a rate of about 0.064
vertical strain per log cycle of elapsed time, possibly in association with heavy rainfalls during the
first half of December. On February 19, 1975 (after an elapsed time of 908 days), the average total
settlement was about 0.38 foot.
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At the request of the NRC staff, a second reevaluation of the pump house settlement was
made in July 1975, which indicated an average rate of settlement prior to that point in time
between 0.0026 and 0.0028, confirming the results of the March 1974 calculation.

From February 19, 1975, through November 24, 1975 (to an elapsed time of 1186 days),
there has been virtually no settlement of the pump house.

3E.3.2 Consolidation Test Data

As a part of the current investigation of the service water reservoir, a total of 15
consolidation tests were performed, though two of these were on samples taken from the
compacted random fill of the dike. Five of the tests were continuously loaded and then unloaded
at a constant rate of strain. The other 10 tests were loaded in stress increments, though seven were
loaded in only two increments for the purpose of determining coefficients of secondary
compression. The results of these tests are presented in Section 3E.2.7, Figure 3E-11 and 3E-12,
and summarized in Table 3E-3.

The plots of vertical strain versus log of stress, collected in Figure 3E-11, show a strongly
and continuously curving downward relationship from the initial loading until the straight virgin
consolidation line is reached. There is no tendency for linearity in the range of initial compression
and no clear break, or “knee,” in the relationship to define the preconsolidation pressure. The
curvature during initial compression results from the elastic rebound and swelling and specimen
preparation. Considerable swelling of this highly micaceous and foliated saprolite is apparent
when extruding the material from the sampling tubes. The behavior of the material in situ,
undergoing a change in stress, would not follow the strongly curving relationship but would
rebound and recompress along much flatter and more linear curves.

Although no cycles of rebound followed by recompression were included in any of the
consolidation tests performed under the current investigation, several were included in earlier tests
performed by Dames & Moore on similar foundation materials at this site. Comparison of the
plots of vertical strain versus log of stress from the current tests to those determined by Dames &
Moore shows close agreement in the shape of the strongly curved relationship during initial
loading. Furthermore, the slopes of the rebound curves from the current tests are approximately
equal to those from the Dames & Moore tests. Because of these similarities, the recompression
indexes determined in the Dames & Moore tests should be applicable to the pump house
foundation materials.

In the range of stress change associated with constructing the pump house and dike (about
1.0 to 10 kips/ft2), the slopes of the recompression curves from the Dames & Moore tests indicate
values of Cr varying from slightly less than 0.010 vertical strain per log cycle of stress change to a
number of values about 0.015, with a few values as high as 0.035.
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Plots are presented in Section 3E.2.7 of the change in specimen height versus log of elapsed
time from incrementally loaded consolidation tests. These plots show that, in almost every case,
any change in height that might be considered as primary consolidation occurred before the first
reading was taken at an elapsed time of 15 seconds. Therefore, these straight-line relationships
define the secondary compression of the material. In the range of stress change associated with
constructing the pump house and dike, the slopes of the plots give values of Cα varying from
0.00025 vertical strain per log cycle of elapsed time to 0.00144, with one unusual value (from a
specimen with a very high void ratio loaded in a very large stress increment) of 0.00442. The
average coefficient of secondary compression is about 0.0007 to 0.0008 vertical strain per log
cycle of elapsed time.

3E.3.3 Settlement Analysis

Conventional analysis of the stresses induced in the 50-foot thickness of compressible
foundation material by constructing the pump house and dike, indicate the pump house settlement
to be as follows:

Average settlement at south side = 10.2 Cr

Average settlement at north side = 19.2 Cr

If a value of Cr equal to 0.025 were used with these factors and if secondary compression
were ignored, the following total settlements of the pump house would be calculated:

Average settlement at south side = 0.25 ft

Average settlement at north side = 0.48 ft

The average of these two values (giving the total settlement under the center of the pump
house) is 0.37 foot, while the ratio of the smaller value to the larger is 0.53.

The measured settlement of the pump house on May 19, 1975 (after an elapsed time of
997 days), was 0.27 foot at the south side and 0.48 at the north side. The average of these two
values is 0.38 foot and the ratio between them is 0.57.

Therefore, in hindsight, it is possible to calculate the settlement of the pump house by
selecting a suitable value of Cr. As noted above, a value of Cr equal to 0.010 gives an average total
settlement of only 0.12 foot. Despite the problem of applying judgment in selecting a value of Cr,
the analysis does predict the correct ratio of settlements at the south and north sides that result in
the tilting of the pump house.

If secondary compression were included in the analysis, a value of Cr lower than 0.025
would provide agreement with the measured settlement. For example, a Cr equal to 0.015 would
give an average settlement of 0.22 foot, while a value of Cα equal to 0.0008 vertical strain per log
cycle of elapsed time (after an elapsed time of 997 days, or three log cycles) would add an average
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settlement of 0.12 foot The sum of the primary and secondary components is 0.34 foot, as
compared to the measured average settlement of 0.38 foot.

Although analyses can give rational bases for the total settlement experienced by the pump
house, they cannot explain the time-rate of settlement shown in Figure 3E-17. The measured
vertical movements of the pump house are believed to have resulted from the complex pattern of
loading, unloading, and reloading, together with variations in ground-water level due to local
excavations and a number of intensive rainfalls. Regardless of the uncertainty in the past rate of
settlement, there is no question that all primary consolidation under the current loads has been
completed. This is apparent from the settlement record and is substantiated by the almost
instantaneous completion of primary consolidation in the laboratory tests.

Any future settlement would result only from an increase in loading or as secondary
compression.

3E.3.4 Future Settlement

Since February 19, 1975, under a constant loading, there has been no further settlement of
the pump house, despite the occurrence of several heavy rainfalls. However, additional settlement
may be anticipated when water is impounded in the reservoir and consideration should be given to
secondary compression.

The calculation made in March 1974 indicated the pump house would settle an additional
0.10 foot due to impounding of 10 foot depth of water in the reservoir. This prediction was based
on a value of Cr equal to 0.015, which is reasonable. In view of the large settlement experienced to
date by the pump house, this predicted settlement is considered to be a maximum value. Also, the
distribution of the added load is not likely to cause further tilting of the pump house toward the
northwest, and it may reduce the tilting.

An allowance for secondary compression may be based on a value of Cα equal to 0.0008
vertical strain per log cycle of elapsed time. The elapsed time to a point 40 years in the future
would be approximately 15,600 days or 1.2 additional log cycles of elapsed time from the present.
Therefore, the possible further settlement of the pump house due to secondary compression would
be no more than 0.05 foot.

The further average settlement of the pump house due to these two influences over the life
of the plant should not exceed 0.15 foot. A projection of additional settlement for an extended
license period of 20 years was not performed since settlement of the pumphouse is monitored as
required by the Technical Requirements Manual.

3E.3.5 Conclusions

Previous predictions of pump house settlement have had rational bases, though the selection
of appropriate consolidation parameters has been a problem.
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Conventional settlement analyses can yield calculated values of the amount of settlement
corresponding to the measured values, including the differential settlement causing the tilting of
the pump house.

The time-rate of settlement is a complex function of the changing ground-water level and
conditions of loading caused by construction operations, and is not amenable to theoretical
analysis.

Primary consolidation of the pump house foundation material under the current loading has
been completed, resulting in an average total settlement of 0.38 foot. Future additional settlement,
resulting from impounding water in the reservoir and secondary compression, should be less than
0.15 foot, giving a maximum average settlement of 0.53 foot over the life of the plant.

Connections of service water lines to the pump house have been redesigned to eliminate any
possibility of overstressing these lines due to pump house settlement. Construction of these
connections will cause no change in load and, therefore, will not affect settlement.

Constant monitoring of pump house settlement in the future will provide a basis for
corrective measures, if required, in the event of any additional movement.

3E.4 SEEPAGE MONITORING

3E.4.1 Introduction

Twelve piezometers of the pneumatic diaphragm type, manufactured by the Slope Indicator
Company, have been installed in the service water reservoir dike and adjacent areas to measure
pore water pressures within the dike, its foundation, and in the immediate vicinity of the reservoir.

Five wiers have been installed in the service water reservoir area for the purpose of
monitoring and evaluating ground-water seepage.

3E.4.2 Steady-State Seepage Prediction

To study the future development of the phreatic surface through the service water dike and
its foundation, a series of six FEDAR runs was performed. FEDAR is a general-purpose finite
element program to analyze seepage problems.

The finite element mesh used is shown in Figure 3E-18.

Because the boundary conditions cannot be known accurately, a parametric study,
consisting of five FEDAR runs, was initiated. The elevation of the ground-water table was varied
at Node 3 (boundary 110 feet downstream from toe of dike) between 267 feet and 275 feet, and at
Node 224 (boundary 270 feet inboard from the inboard toe of the dike) between 289 feet and
303 feet. Because the inboard boundary of the mesh was chosen to be at a point inside the service
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water reservoir where the flow of ground water diverges either toward the northeast or toward the
southeast, a “no flow” boundary condition was also investigated.

It has been postulated by the NRC staff that the rupture of one of the pipes inside the service
water reservoir could erode the clay liner at the bottom of the reservoir and consequently increase
the amount of seepage from the service water reservoir. The NRC staff had questioned the
adequacy of the piezometers to detect such an increase. A sixth analysis was therefore made
(Run 6) in which a 15-foot-wide crack, 50 feet inboard from the toe of the dike, was modeled.

The six FEDAR analyses performed are summarized in Table 3E-5. The corresponding
results are presented in Figures 3E-19 through 3E-24. These figures show lines of equal total head
and lines of equal fluid pressure. Although the figures resemble flow rates, they are not because
the nearly horizontal lines of equal fluid pressure are not flow lines.

3E.4.3 Comments and Conclusions

While performing the FEDAR analyses it became evident that the very low permeability of
the clay liner almost entirely dissipates all the hydrostatic head, and that the foundation soil
between the bottom of the clay liner and the natural ground-water surface will stay in an
unsaturated state. This can also be stated as follows: the amount of water able to seep through the
impermeable clay liner will not be sufficient to saturate the saprolite just below the bottom of the
service water reservoir. Along the inboard face of the dike this creates a “roof effect”; the water
seeping through the liner trickles down to the steady-state phreatic surface existing some distance
below.

Because of this effect, the analyses are independent of the service water reservoir
embankment cross section, and the results are applicable to any section of the dike. Table 3E-6
gives the range of anticipated phreatic levels at the locations of the 12 piezometers.

The phreatic lines for all runs are plotted in composite Figure 3E-25. This figure, along with
Table 3E-6, shows that the assumptions made for boundary conditions have very little effect on
the piezometric conditions. However, when a crack is introduced in Run 6, there is a significant
rise in the elevation of the phreatic surface, and this is reflected directly in the fluid pressures at
the piezometers. Thus, the formation of a crack would be detected by the measurements in the
piezometers.

3E.5 STABILITY ANALYSIS

A purpose of the investigation was to check soil properties and strength parameters used in
stability analyses. Methods of analysis are discussed fully in Section 3.8.4.4. All analyses showed
adequate factors of safety under static and dynamic loadings, using conservative input parameters.
Factors of safety are summarized in Table 3.8-14.
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Table 3E-7 shows material properties and strength parameters determined during the recent
investigation, compared to values used in the stability analyses. The saturated densities and angles
of internal friction for fill and foundation material are in good agreement with those used for the
analyses.

Substitution in the stability analyses of a higher saturated density for fill and lower saturated
density for foundation material would increase the driving forces on a circular or wedge-shaped
failure block, but only in approximate proportion to the change in density values (120 vs. 116 pcf
and 121 vs. 125 pcf). However, substitution of the higher angles of internal friction in the analysis
would increase computed shear resistance by an amount approximately proportional to the
increase in tan Ø', or by a factor of 1.06 for fill (tan 33.6 degrees divided by tan 32 degrees), and
1.12 for foundation material (tan 32.8 degrees divided by tan 30 degrees). This increased shear
resistance would more than offset the increased driving force and would result in a higher
calculated factor of safety. Therefore, the input parameters used in the stability analyses result in
conservative safety factors, and further computations are not warranted.

3E.6 LIQUEFACTION POTENTIAL OF FOUNDATION MATERIALS

3E.6.1 Introduction

The liquefaction potential of the founding materials of the service water reservoir dikes was
evaluated based on laboratory testing of undisturbed samples. The selection of silty sand samples,
located below the service water reservoir dikes that might be susceptible to liquefaction, was
based on blow counts, the Gibbs & Holtz relationship, and the criteria determined by Ohsaki. A
total of seven silty sand samples were subsequently chosen for testing.

Analyses were conducted to determine the actual in situ stress conditions that existed in the
field. Original overburden stresses were calculated based on the calculated value of Ko and the
tested total unit weight of the soil. The additional stresses induced by the construction of the
embankment were then calculated for the plane strain condition ( . Results from finite
element analyses of flow were then used to determine the water pressure levels and the seepage
forces that would be experienced during the life of the plant. The results were then combined to
calculate the in situ octahedral state of stress and the consolidation stress ratio .

Cyclic triaxial testing was then conducted by Geotechnical Engineers, Inc. (GEI). To more
closely duplicate in the laboratory the in situ soil conditions, the samples were tested at five
different anisotropic confining stresses  and three different CSRs. Two of the samples
were tested at  of 1.33 kg/cm2 with CSR of 2.0, one sample was tested at  of 0.67 kg/cm2

with CSR of 3.0, one sample was tested at  of 0.93 kg/cm2 with CSR of 2.0, two samples
were tested at  of 1.75 kg/cm2 with CSR of 1.50, and one sample was tested at  of
1.17 kg/cm2 with CSR of 1.5.

σ2 σ3≠( )

CSR σ1 σ3⁄≠( )

σ1c σ3c≠( )
σoct σoct

σoct
σoct σoct
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3E.6.2 Method of Analysis

The factor of safety against liquefaction was calculated based on the comparison between
the change in the octahedral shear stress required to cause liquefaction in the laboratory during
cyclic loading and the change in the octahedral shear stress occurring in the field during the safe
shutdown earthquake. The comparison was made on the basis of the ratio between the octahedral
shear stress and the octahedral normal effective consolidation stress. Such a procedure is
necessary because the field conditions are different from the usually assumed horizontal layering
with vertical loads, and the laboratory conditions include initial shear stresses.

In the laboratory, this relationship, defined by the initial octahedral stress in the chamber, is:

The octahedral shear component of the cyclic load is:

and the cyclic deviator stress is:

The stress ratio is defined by:

The SRL was calculated for each tested sample at a double amplitude (DA) strain level of
5% and plotted on semi-log paper vs. number of cycles. Tests were conducted at three
predetermined CSRs. These results are presented in Figure 3E-26. The relationship between SRL
and CSR for a safe shutdown earthquake with 10 cycles of duration and 5% DA strain is shown in
Figure 3E-27. This curve indicates that for an increase in the CSR there is also an increase in the
value of the SRL.

In the field, the initial octahedral stress state is:

and the induced shear stress due to the earthquake is:

σOL
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3
--- σ1 σ2 σ3+ +( )=

Δτ 1
3
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where:

Amax = 0.18

σv = total vertical stress

rd = stress reduction coefficient
(average value based on the actual depth of embedment)

During the earthquake, the octahedral component or the change in shear stress is:

and is defined by the principal stresses where:

By substitution, the octahedral component of the change in shear stress is:

Therefore, the change in the stress ratio is:

The factor of safety for any sample is then simply defined by:

and by substitution:

The factor of safety is then simply defined by the SRL for any given soil element, as
determined by the value of the CSR, the initial in situ octahedral stress state, and the induced
principal shear stress that occurs during the safe shutdown earthquake.

3E.6.3 Conclusions

The  and CSRs for the seven samples were then calculated as outlined in
Section 3E.6.1. The value of SRL was then obtained by entering Figure 3E-27 with the
corresponding value CSR.

Δτ 1
3
--- Δσ1 Δσ3–( )2 Δσ2 Δσ3–( )2 Δσ1 Δσ2–( )2

+ +[ ]
1
2
---

=

Δσ1 Δσ3– τF  and  Δσ2 0= = =

Δτ 0.816τF=

SRF Δτ/σOF=

FS SRL/SRF=

FS SRL σOF( )/0.816  τF=

σOF
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τF for each sample was based on σV and rd. The rds and σV were calculated based on the
actual depth of sample embedment. The corresponding factors of safety were then calculated
directly by combining the SRL, τF, and  as outlined in Section 3E.6.2.

Table 3E-8 presents the various sample parameters and the calculated factors of safety for
the seven samples obtained from the dike area.

The calculated factors of safety for these samples range from 2.52 to 3.31 with the average
value being 3.00. To take into account the effects of two-dimensional shaking, Seed suggests that
90% of the factor of safety be used. If this is done, the above values range from 2.77 to 2.98, with
an average value of 2.70.

The conclusion, based on the high values of the factor of safety and the conservative nature
of the analysis, is that no liquefaction problems exist in the founding materials of the service
water reservoir dike.

σOF
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Table 3E-5
FEDAR SEAPAGE SUMMARY

Run
No. Main Features of Run - Boundary Conditions

Materialsa

Permeabilities
ft/min

1 Ground-water table at node 224 (Elevation 289) and at node 3 at 
Elevation 267

k1 = 2 × 10-7

k2 = 2 × 10-5

k3 = 2 × 10-4

2 Ground-water table at node 226 (Elevation 303) and at node 3 at 
Elevation 267

Same as above 

3 Ground-water table at node 226 (Elevation 303) and at node 3 at 
Elevation 267 with a positive inflow specified at nodes 68, 74, and 80

Same as above

4 Ground-water table at node 3 (Elevation 267). No flow boundary 
condition on right side of mesh

Same as above

5 Same as above except node 3 at Elevation 275 Same as above

6 Same as above but a 15-ft-wide crack modeled at 50 feet of dike toe Same as above

a. Material 1 - clay liner, Permeability is k1
Material 2 - compacted dike. Permeability is k.2.

Material 3 - saprolitic foundation. Permeability is k3.
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Table 3E-8
LIQUEFACTION ANALYSES SUMMARY OF

SAMPLE PARAMETERS AND FACTOR OF SAFETY

Boring No. GWL σv rd CSR SRL Δτf FS

P-12 ST-2 283.9 1.15 0.96 1.29 0.29 1.02 0.129 2.81

SWR-9 ST-2 298.2 1.33 0.95 1.56 0.35 1.04 0.141 3.02

SWR-9 ST-1 303.6 0.98 0.96 1.56 0.35 0.76 0.110 2.96

P-11 ST-3 288.3 2.21 0.86 1.59 0.36 1.64 0.222 3.26

SWR-3 ST-3 287.2 2.43 0.82 1.74 0.39 1.52 0.233 3.12

SWR-7 ST-5 289.4 2.45 0.82 1.74 0.39 1.53 0.235 3.11

SWR-5 ST-5 289.4 3.12 0.72 1.91 0.43 1.65 0.263 3.31

Average value 3.07

Legend
GWL = Groundwater level (feet)
σv = Total vertical stress (kg/cm2)
rd = Stress reduction coefficient
CSR = Consolidation stress ratio

= Effective octahedral normal stress in situ (kg/cm2)
Δτf = Octahedral shear stress due to seismic event (kg/cm2)
FS = Factor of safety against liquefaction

σOF

σOF
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Figure 3E-6 
SERVICE WATER RESERVOIR

LEGEND - SUBSURFACE PROFILES AND SECTIONS
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STRESS RATIO VS. CONSOLIDATION STRESS RATIO
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1. INTRODUCTION 

1.1 Purpose 

The purpose of this report is to present the results 
of cyclic triaxial tests performed on undisturbed specimens 
of residual soil taken from the site of the Service Water 
Reservoir of the North Anna Power Station. 

1.2 Scope 

A total of four tube samples, each about 1 ft long, 
were delivered to Geotechnical Engineers Inc. The scope 
of work consisted of four cyclic triaxial tests on aniso- 
tropically consolidated specimens and four grain size ana- 
lyses. 

1.3 Authorization 

This work was authorized by Mr. Jean Audibert of Stone & 
Webster under Purchase Order No. E-17115 dated November 4, 
1975. 
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2. OUTLINE OF TESTING PROCEDUFE 

A section of tube about 7 in. long was cut by means 
of a tube cutter while maintaining the tube in its upright 
position. The pressure applied to the tube cutter was 
kept at a minimum to avoid deforming the tube. The bottom 
7 in. of each tube sample was used for testing. The top 
and bottom of the sample were trimmed flat and its length 
and weight were determined while in the tube. The specimen 
was then extruded into a membrane, weighed and placed in 
the cell. Any material which remained in the tube after 
extrusion was oven dried and weighed. 

The length and diameter of each specimen was deter- 
mined again prior to assembling the triaxial cell. In all 
cases, it was noticed that the volume of the specimens ex- 
panded du.ring extrusion, probably due to the micaceous 
character of the soil. 

After completion of the cyclic triaxial test, the 
specimen was sliced longitudinally, described and photo- 
graphed. The specimen was oven dried and its initial water 
content and dry unit weight before and after extrusion were 
determined. These are listed in the table at the end of 
this report. 

Grain size distributions were determined for each of 
the four specimens tested and are presented in Figs. 1 to  4. 
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3 .  SAMPLE DESCRIPTIONS 

Detailed descriptions of each specimen are given in 
the Appendix. Photographs of each specimen are shown on 
Fig. 11. 

In general, the specimens are residual soils consist- 
ing of micaceous silty medium to fine sand. They are 
generally tan in color but contain black and white minerals. 
In some specimens the banding of the minerals which oc- 
curred in the parent rock was noticeable. Three of the 
four samples have 29  to 4 4 %  fines (finer than #200 mesh 
sieve). The fourth sample, Boring SWR9, Sample ST2 had 
only 16% fines. 

As was noted previously, the high content of mica 
caused the specimens to swell after extrusion from the 
tube, reducing their dry unit weights from 1 to 3 pcf. 
However, the original unit weight was generally exceeded 
after consolidation. 
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4 .  CYCLIC CONSOLIDATED-UNDRAINED TRIAXIAL (Cfi) TESTS 

4.1 Procedure 

A 7-in.-long tube section was cut and extruded as 
described in Section 2. After the cell was assembled, the 
specimen was sub ected to an initial confining pressure of 

culating water up through the bottom of the specimen under 
a head of about 0.1 kg/cm2. 

0 .4  to 0 . 5  kg/cm i . Initial saturation was achieved by cir- 

At this point the specimen was anisotropically consoli- 
dated to the desired effective consolidation stresses as 
listed in the table. A back pressure ranging from 7.6 to 
10.0 kg/cm2 was applied to ensure saturation. 
B value for each test was in the range between 0.87 and 
0 . 9 4 .  

The measured 

The drainage valves were then closed, a symmetrical 
cyclic deviator stress was applied to the specimen, and a 
continuous record was obtained of axial load, pore pressure 
and deformation by means of a strip chart recorder. 

4.2 Results 

The results of the individual tests are presented in 
Figs. 5 to 8 .  Each figure shows a plot of the following: 

Peak Cyclic Deviator Stress in Compression and 
Extension versus Cycle Number 

Peak Axial Strain in Compression and Extension 
and Double Amplitude versus Cycle Number 

Maximum Induced Pore Pressure during Each Cycle 

The table summarizes the Cg test results. 

versus Cycle Number. 

Two summary 
plots were prepared which show the relationship between the 
applied cyclic deviator stress and the number of cycles to 
reach a maximum compressive strain of 5 and lo%, Figs. 9 
and 10, respectively. 
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4 . 3  Comments 

For the four anisotropically consolidated cyclic tri- 
axial tests performed, the measured effective confining 
pressure did not reach zero at any stage of the test. The 
minimum effective confining pressure ranged from 6 to 2 6 %  
of the initial effective confining pressure. 

All of the tests failed in compression by developing 
shear planes accompanied by some bulging. The maximum 
compressive strain was chosen as the strain criteria 
since the specimens developed higher compressive strains 
than double amplitude strains. In the first cycle of the 
test, the double amplitude strain was greater than the 
maximum compressive strain. However, the peak compressive 
strain quickly exceeded the double amplitude strain. In 
two tests, CE-1 and CE-2, the specimen developed 2 . 5 %  
double amplitude strain one cycle before it reached 2 . 5 %  
maximum compressive strain. In all four tests, a maximum 
compressive strain of 5 %  was reached at the same time or 
earlier than 5% double amplitude strain. 

In terms of the cyclic deviator stress ratio the sample 
consolidated under a principal stress ratio of 3 was almost 
twice as strong under cyclic loading as the samples consoli- 
dated under a principal stress ratio of 2 ,  see Figs. 9 and 10. 



- 
Test  
No. 

CR-1 

CR-2 

ci i -3  

Cii-4 - 

Borlllg 
No. 

SUT7 

S\i’R9 

P11 

P12 - 

ST5 I 42.5- 
43. I 

s r 2  22.5- 
23.1 

sT3 37.3- 

ST2 I 37.9 17.5- 
I 18.1 

T.ARLE 1 - CYCLJC COKSOLlDATED-LTTlRAlh’ED CCE) TRIAXIAL TESI’S 
NORTI1 ANNA SERVICS N’ATER RESER\’OIR 

Inltlal Drv L’nlt \\’e$hts(l) Effectlve 
Water In the Trtaxial  Speclmen Confinirg 
:ontent Tube Inltlal .\fter - P res su re  

3c 

Pcf 

Consolldation Cvcllc 
S t r e s s  Ratlo I Deviator 

2 . 0  1.47 

2.0 0.76 

2 .0  1.14 

3 .0  0. A0 

Cyclic 
Stress 
Ratio 

(01- 03’CY 

=3c 
- 

0.74 

0.54 

0.57 

1.00 

NOTES: 0 )  Due to the high mlca content, the speclrnens swelled after extrusion from the tube and therefore, the initlal d ry  unlt weights 
of the tr laxlal  specimen are lower than the dry unlt welghts In the tube. 

(2) At no polnt durlng any tes t  did the effectlve confining pressure reach zero. 

(3) In test  CG-1 and (5-2. the speclrnens reached a double amplltude s t ra in  of 2.57 in the cvcle precedlrg the one listed. In all other 
cases,  the maxlmum compresslve s t ra ln  of 2.57, 5’: and 107 occurred before (he double amplltude s t ra in  of 2 .51 .  5’P and 10%. 
respectlvely. 

- 
Maximum Compresalve 

Strain Equal to 

2.5% 

- 
5% 

- 
5 

13 

95 

119 - 

- 
1 0% 

- 
8 

SO 

152 

213 - 

Geotechnkal Ewlneers Inc. Project 75260 
December 5. 1975 
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Depth 22.5-23.1 f t  

! 



Project North Anna Power S t a t i o n  
Proj cc t No. 75260 

Page 1 of 1 
~~ 

Sample No.  
and Dcpth 

ft. 

ST5 
42.5- 
43.1 

Scc t ion 
No. 

Length of 
Section 

i n .  
~~ 

7.0 

Dcsc ri ption 

Tan micaceous very s i l t y  medium t o  f i n e  
sand. Minerals  vary from black  t o  whi te  
and appear  i n  s p o t s  and s t r e a k s  through- 
ou t  t h e  specimen. F ines  are non-p las t ic .  
(Residual  S o i l )  

Specimen swel led  a f t e r  e x t r u s i o n  from 
t h e  tube due t o  t h e  l a r g e  mica conten t .  

F a i l u r e  occurred  i n  compression by de- 
ve loping  2 shea r  planes i n  t h e  top h a l f  
of t h e  specimen. 



DESCIIIPTION 0 F UNDIS’I’URI3ED SAMPLES 

RORINC NO, SWR9 

P r o j e c t  North Anna Power S t a t i o n  
Projcct No. 75260 
Page  1 of 1 

Snmplc No. 
and Depth 

ft. 

ST2 
22.5- 
23.1 

Section 
No. 

Lcngtli of 
Section 

in. 

7.0 

Description 

Mottled gray ,  t a n ,  r u s t  orange and b lack  
micaceous s i l t y  f i n e  sand. Color ing 
occurs  i n  streaks, pockets  and zones 
throughout  t h e  specimen showing s t r u c t u r e  
of parent rock. 
(Residual  S o i l )  

Specimen swel led  a f t e r  e x t r u s i o n  from t h e  
tube due to t h e  large mica conten t .  

F a i l u r e  occurred i n  compression pri-  
mar i ly  by bu lg ing  and shea r ing  i n  t h e  
top h a l f  of specimen. 



DESCIZIPTION 0 F UNDIS’I’URnED SAMPLES 

P r o j e c t  North Anna Power S t a t i o n  
Project No. 75260 
Page 1 of 1 

Snmplc No. 
and Depth 

ft. 

ST3 

Scc t i  on 
No. 

~ 

Leng th  of 
Section 

in.  

6.9 

Ilesc ri p t ion  

Mult icolored micaceous s i l t y  medium t o  
f i n e  sand. Minerals are r u s t  orange,  
brown, b l ack ,  white  and green i n  co lo r .  
Some bandin8 o f  l i g h t  and dark  minera ls  
a t  about  30 from ho r i zon ta l .  F ines  non- 
plast ic .  
(Residual  Soi l )  

Specimen swel led  a f t e r  ex t rus ion  from t h e  
tube due t o  t h e  l a r g e  mica content .  

F a i l u r e  occurred i n  compression by de- 
veloping a shea r  plane a t  about  45  i n  
t h e  lower h a l f  o f  t h e  specimen. 

0 



DESCIIIPTION O F  UN1)ISTURBED SAMPLES 

IWRING NO. P12 

Project North Anna Power S t a t i o n  
Project No. 75260 
Pwe 1 of 1 

Samplc No. 
and Depth 

ft.  
~- ~~ 

ST2 
17 ..5- 
18.1 

Scc t ion 
No. 

Length of 
Section 

in.  

7.0 

Description 

Tan t o  b lack  brown micaceous s i l t y  medium 
t o  f i n e  sand. Minerals  occur  i n  bands and 
s t r e a k s  a t  approximately 45O. Grains  are 
subangular.  Top h a l f  o f  specimen i s  pre-  
dominantly dark minerals .  B o t t o m  h a l f  
is  predominantly tan-white minerals .  
(Residual  S o i l )  

Specimen swelled a f t e r  e x t r u s i o n  from t h e  
tube due t o  t h e  l a r g e  mica content .  

F a i l u r e  occurred i n  compression i n  bottom 
h a l f  o f  specimen-by developing a shea r  
p l ane  a t  approximately G O ,  p a r a l l e l  t o  
banding of  minerals .  
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Appendix 3E
Attachment 21

Cyclic Triaxial Tests on Soil Samples
From the Service Water Reservoir

North Anna Power Station

1. Attachment 2 to Appendix 3E was submitted as Appendix F in the original FSAR (see also page 3E-1).
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Attachment 2 to Appendix 3E
Cyclic Triaxial Tests on Soil Water Samples

From the Service Water Reservoir

The report entitled Cyclic Triaxial Tests on Soil Samples from the Service Water Reservoir,
North Anna Power Station, dated December 31, 1975 and prepared by Geotechnical Engineers
Inc., was incorporated into the license application and submitted to the Nuclear Regulatory
Commission as a separate document in Amendment No. 49. The report, however, was not given
general distribution to all holders of the FSAR. Copies of the Report are available for review in
the Commission’s Public Document Room.
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GEOTECHNICAL ENGINEERS INC. 

December 31, 1975 
P r o j e c t  75260 

Mr. David Campbell 
Stone & Webster Engineer ing Corp. 
P. 0. Box 2325 
Boston, Massachuse t t s  

Sub jec t :  C y c l i c  T r i a x i a l  T e s t s  on S o i l  Samples from 
t h e  Se rv ice  Water Reservoi r ,  North Anna 
Power S t a t i o n  

Dear Mr. Campbell: 

INTRODUCTION 

The purpose  o f  t h i s  l e t te r  report i s  t o  p r e s e n t  t h e  r e s u l t s  of 
t h r e e  cyc l ic  t r i a x i a l  tes ts  ( ( 5 - 5  t o  Ch-7) performed subsequent  t o  
o u r  report of December 5 ,  1975 t i t l e d  "Report on C y c l i c  T r i a x i a l  
T e s t s  - S o i l  Samples - Se rv ice  Water Reservoi r  - North Anna Power 
S t a t i o n . "  

S O I L  DESCFJPTIONS 

A d e s c r i p t i o n  of each of t h e  s o i l  samples  t e s t e d  i s  inc luded  a t  
t h e  end of t h i s  l e t te r .  A photograph showing a l o n g i t u d i n a l  s l ice  
of each t e s t  specimen is given i n  F ig .  11. Grain size d i s t r i b u t i o n s  
f o r  each specimen are p resen ted  i n  F igs .  1 t o  3. 

I n  g e n e r a l ,  t h e  spec inens  are r e s i d u a l  soj.ls, c o n s i s t i n g  of 
micaceous s i l t y  medium t o  f i n e  sand. The specimen used for test  
CR-7 was a v e r y  micnccous s i l t y  f i n e  sand.  
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CYCLIC TRIAXIAL TESTS 

The t e s t  procedure used �or the  cyc l ic  t r i a x i a l  tests is discussed 
The specimens were consolidated anisotro- 

The individual t e s t  r e su l t s  a re  given in F igs .  

in our rcyort of Dcccrnber 5. 
p ica l ly  t o  a value of 61c/G3c of 1.5 p r io r  t o  applying a symmetrical 

cycl ic  deviator stress. 
4 through 6 .  

A summary of these three t e s t s  is  presented together with the 
four t e s t s  performed for our December 5 report  i n  Table 1. 

Swnmary p lo t s  were prepared which include a l l  seven t e s t s  and show 
the relationship - between the applied cycl ic  deviator s t r e s s ,  
(U1- U 1 /2UjC, and the number of cycles t o  reach a maximum com- 

pressive s t r a i n  of 5 and 101, F igs .  7 and 6 ,  respectively. 
3 CY 

Similar p lo t s  - were prepared which show the relat ionship between 
and t h e  number of cycles t o  reach a maxi- 

�loct (Dynamic) "act ( S t a t i c )  
mum compressive s t r a i n  of 5 and l o % ,  Figs. 9 and 10 ,  respectively.  

I n  t h i s  case, 

r e f e r s  to  cycl ic  s t r e s ses ,  and 
1 - �2)cy 

where (a 

where r e fe r s  t o  consolidation s t resses .  l c  

COMMENTS 

The sca t te r  of the data i s  primarily due t o  the d i f fe ren t  d r y  u n i t  
weights, percent f i n e r  than 11200 sieve and mica content of the specimens 
tested.  
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I n  par t icular ,  Test Ck-7 does not appear t o  be consistent w i t h  the 
other two t e s t s  (CE-5 and 6 )  performed a t  a consolidation s t r e s s  r a t io  
of 1 . 5 .  
these three specimens, the specimen for Test CE-7 appeared t o  contain a 
s ign i f icant ly  larger  percentage of mica. 
this specimen may be indicat ive of the mica content. 

I n  addition t o  the difference i n  grain s i ze  d is t r ibu t ion  between 

The lower dry  un i t  weight of 

If you have any questions, please call me. 

Very t r u l y  yours, 
GEOTECHNICAL ENGINEERS INC.  

Gonzalo Castro 
Principal 

GC : kmb 
Enclosures 
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7 .2  Tan s l i g h t l y  micaceous s i l t y  medium t o  f i n e  
sand. Minerals  vary  from b l a c k  t o  whi te  
and are banded a t  approximately 40° from 
t h e  ver t ica l .  One very prominent  band of 
i n t a c t  q u a r t z  c r y s t a l s  up t o  16 mm wide 
is l o c a t e d  i n  t h e  bottom h a l f  of t h e  speci- 
men (Res idua l  S o i l ) .  

The specimen swel led  a f t e r  e x t r u s i o n  from 
t h e  tube due t o  t h e  mica c o n t e n t  of t h e  
soi l .  

F a i l u r e  occurred  i n  compresslon by aeveiup- 
i n g  2 s h e a r  p l a n c s  i n  t h e  top h a l f  o f  t h e  
specimen. 
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��ro.icLct North Anna Power S t a t ion  

ST5 7.2 blul t icolored silty micaceous medium to 
f i n e  sand. Colors range from black to 
white and green to brown. Ninerals  are 
banded a t  approximately 45O. 
(Residual  So i l )  

The specimen swe l l ed  a f t e r  ex t rus ion  from 
the tube due to the mica conten t  of the  
s o i l .  

Fa i lu re  occurred i n  corpress ion  by Jevelop- 
ing one well de f ined  shear  plane p a r a l l e l  
to f o l i a t i o n  of minerals .  



7.0 

I 

- .. . -  _- 

I )(*sc riplion 

Fot t led tan, l i g h t  brown and black very 
micaceour silty f ine sand. Coloring of 
minerals occurs in spots and streaks and 
generally trend 45O from vertical. 
half of specimen contains me streak of 
black silty fine sand up to 10 ~l vide 
and 4S0 from vertical. (Rssidual Soil) 

The specimen swelled after extrusion from 
the  tube due to the mica amtetnt of the 
soi 1. 

Failurt occurred in canpressiar by develop- 
ing a shear plane in the top 2/3 o f  the 
specimen parallel to burding of minerals. 

Bottor 
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1. INTRODUCTION 
1.1 Purpose 

a laboratory testing program carried out on undisturbed spcc i -  
mens Of residual soil obtained from the site of the Service 
Water Reservoir of the North Anna Power Station. 

The purpose of this report is to present the results of 

1.2 Scope 

The scope of work included the following: 

11 Sieve Analyses 

11 Cyclic Consolidated-Undrained ( C A )  
4 Combined Sieve and Hydrometer Analyses 

2 Consolidated-Undrained Triaxial Test 
Triaxial Tests 

1.3 Authorization 

The work described in this report was authorized by 
Mr. J. H. Bryant of Stone & Webster Engineering Corporation 
under Purchase Order No. El7115 on May 27, 1976. 
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2 .  SAMPLE D E S C R I P T I O N S  

D e t a i l e d  d e s c r i p t i o n s  o f  each specirnc.n a r c  g i v e n  i T I  
Appendix A and p h o t o g r a p h s  of l o n g i t u d i n a l  s l i c e s  are  g ivc i i  
i n  Appendix B. 

I n  g e n e r a l ,  t h e  spec imens  were r e s i d u a l  s o i l s  c o n s i s t i n ? ;  
of s i l t y  medium t o  f i n e  s a n d s .  The p e r c e n t a g e  o f  s o i l  by 
w e i g h t  p a s s i n g  t h e  N o .  200  s i eve  r a n g e d  from a p p r o x i m a t e l y  
2 0 %  t o  6 5 % .  Specimens f rom b o r i n g s  P15 and  SWRll  conta inec i  
micaceous  b a n d i n g .  The bands  of m i n e r a l s  which  o c c u r r e d  i n  
t h e  p a r e n t  r o c k  were s t i l l  n o t i c e a b l e  and  d i p p e d  a t  a n g l e s  
r a n g i n g  from a b o u t  30° t o  60’ f rom t h e  h o r i z o n t a l .  
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3. OUTLINE OF TRIAXIAL TESTING PROC?l3URL 
.- 

A section of tube about 8 in. ( 2 0  cm) l o n g  was (-iit  11’- 1 1 ~ j  

a tube cutter while maintaining the tube in  i t s  u p r i y t l t :   XI- 
tion. The pressure applied to the tube during the cutting 
operation was kept to a minimum to avoid deforming the tub;>. 
The test specimen was trimmed to the desired length and weighed 
while still in the cut section of tube. It was then extruded 
into a rubber membrane, weighed again and placed in the tri- 
axial cell. Any material which remained in the tube after 
extrusion of the specimen was collected, oven-dried and 
weighed to permit the determination of the specimen dry unit 
weight in the tube. No vacuum was applied to the specimen at 
any time during setup. 

The specimen dimensions were determined prior to perform- 
ing the test and before consolidation, they measured about 
17 crn in height and 7.3 cm in diameter. When compared to the 
in-tube measurements, the specimens expanded upon extrusion 
with only one exception, namely Sample ST7, Boring P16. T h e  
in-tube dimensions of this sample were considered invalid due 
to the existence of a slight annular space (less than 0.3 mm) 
between the sample and the inside wall of the tube. 

After completion of the triaxial test, the specimen was 
sliced longitudinally, described and photographed. It was 
then oven-dried and its initial water content and dry unit 
weights before and after extrusion and after consolidation 
were determined. Table 1 is a summary of the calculated dry 
unit weights. The dry unit weight in the tube was determined 
using both the inside diameter of the cutting edge and the 
inside diameter of the tube which measured 7.2 cm and 7.3 cm, 
respectively. It can be seen that although the specimens ex- 
panded upon extrusion, after consolidation the dry unit 
weights generally exceeded the dry unit weights in the tube as 
calculated from the cutting edge diameter of the tube. 

are presented in Figs. 1 through 13. 
Grain size analyses were performed on each specimen and 
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4 .  C Y C L I C  CONSOLIDATED-UNDRAINED (Ck) T R I A X I A L  TESTS 

4 . 1  P r o c e d u r e  

An 8-in.Olong t u b e  section was c u t  and p r e p a r e d  a s  des- 
c r ibed  i n  S e c t i o n  3 .  Af te r  t h e  ce l l  was assembled, t h e  s p e c i -  
men was s u b j e c t e d  t o  an  i n i t i a l  c o n f i n i n g  p r e s s u r e  of 0 . 5  
kg/cm2, t h e  v a l v e s  were opened ,  and  t h e  sample  was c o n s o l i -  
da t ed  i s o t r o p i c a l l y  t o  G3c = 0.5 kg/cm2. To improve t h e  s a t u -  
r a t i o n ,  water was t h e n  c i r c u l a t e d  upwards t h r o u g h  t h e  spec imen 
u n d e r  a head of water e q u a l  t o  a b o u t  8 t o  1 0  i n c h e s .  

A t  t h i s  p o i n t  t h e  spec imens  were a n i s o t r o p i c a l l y  con- 
s o l i d a t e d  t o  t h e  r e q u i r e d  Kc (51c/Zi3c) w i t h  G3c = 0.5 kg/cm . 
A back  p r e s s u r e  r a n g i n g  f rom 3 t o  1 0  kg/cm2 was a p p l i e d  t o  
e n s u r e  s a t u r a t i o n .  The measured B v a l u e s  r anged  from 0 .91  
t o  0 .98 .  A f t e r  s a t u r a t i o n ,  t h e  c o n s o l i d a t i o n  was c o n t i n u e d  
t o  t h e  desired e f f e c t i v e  c o n s o l i d a t i o n  stresses a s  l i s t e d  i n  
Summary Table 2. 

The d r a i n a g e  v a l u e s  were t h e n  closed and  a c y c l i c  d e v i a t o r  
stress was a p p l i e d  t o  t h e  spec imen a t  a f r e q u e n c y  of 0 . 5  
c y c l e s  per second .  A c o n t i n u o u s  record of a x i a l  l o a d ,  p o r e  
p r e s s u r e ,  and  d e f o r m a t i o n  was o b t a i n e d  u s i n g  a s t r i p  c h a r t  
recorder. 

4 . 2  R e s u l t s  

F i g s .  1 4  t o  21 ,  and  are summarized i n  Table 2 .  Each f i g u r e  
shows a p l o t  of t h e  f o l l o w i n g :  

The r e s u l t s  of t h e  i n d i v i d u a l  t es t s  a re  p r e s e n t e d  i n  

Peak  C y c l i c  D e v i a t o r  Stress i n  Compress ion  and 
E x t e n s i o n  v e r s u s  C y c l e  Number 

Peak Axial  S t r a i n  i n  Compression and  E x t e n s i o n  
a n d  Double Ampl i tude  S t r a i n  v e r s u s  C y c l e  Number 

Maximum Induced  Pore P r e s s u r e  Dur ing  Each Cyc le  
v e r s u s  C y c l e  Number 

Summary p lo ts  are shown i n  F i g s .  2 2 , 2 4  and 2 5  w h i c h  
show t h e  r e l a t i o n s h i p  be tween t h e  c y c l i c  stress r a t i o ,  
(ol - U , ) ~ ~ / ~ Z ~ ,  and  t h e  number of cycles t o  teach a s p e c i f i e d  
c y c l i c  a x i a l  s r a i n .  

S i m i l a r  p l o t s ,  shown i n  F i g u r e 2  2 3 ,  26  and 2 7 ,  show t h e  
r e l a t i o n s h i p  be tween ~oct(dynamic)/aoct(static) and  t h e  number 
of c y c l e s  t o  r e a c h  a s p e c i f i e d  c y c l i c  a x i a l  s t r a i n .  

The o c t a h e d r a l  stresses were computed as  follows: 



- 5 -  

where  t h e  s u b s c r i p t  cy  r e f e r s  t o  c y c l i c  stresses. 

where  t h e  s u b s c r i p t  - c r e f e r s  t o  c o n s o l i d a t i o n  
stresses and Kc  = a l c / a j c  

- The r e s u l t s  o f  t w o  CE tes ts  c o n d u c t e d  a t  Kc  = 1 . 5  and  
~3~ = 1 . 5  kg/cm2 p r e s e n t e d  i n  t h e  p r e v i o u s  l e t t e r  r e p o r t  d a t e d  
December 31,  1975 are  l i s t e d  i n  T a b l e  3 f o r  c o n v e n i e n c e  and  
are  p l o t t e d  i n  t h e  a p p r o p r i a t e  summary f i g u r e s .  ( F i g s .  2 4 - 2 7 ) .  

4 . 3  Comments 

I n  none of  t h e  tes ts  p e r f o r m e d  d i d  t h e  measu red  e f f e c t i v e  
c o n f i n i n g  p r e s s u r e  r e a c h  z e r o  d u r i n g  t h e  t e s t .  The p o r e  p r e s -  
s u r e  was measu red  a t  t h e  e n d  o f  t h e  s p e c i m e n s .  Thus ,  t h e  p o r e  
p r e s s u r e  i n  t h e  zone  of l a r g e  d e f o r m a t i o n s  c o u l d  have  been  d i f -  
f e r e n t ,  s i n c e  t h e  p o r e  p r e s s u r e  p r o b a b l y  d i d  n o t  e q u a l i z e  a l o n g  
t h e  l e n g t h  o f  t h e  spec imen  due  t o  t h e  f a s t  r a t e  of l o a d i n g .  

F o r  t h e  t h r e e  a n i s o t r o p i c a l l y  c o n s o l i d a t e d  t es t s  t h e  m a x i -  
mum c o m p r e s s i v e  s t r a i n  was c h o s e n  a s  t h e  s t r a i n  c r i t e r i o n  si:lcL 

t h e  spec imens  d e v e l o p e d  h i g h e r  s t r a i n s  i n  c o m p r e s s i o n  t h a n  e x -  
t e n s i o n .  The mode of d e f o r m a t i o n  was b u l g i n g ;  f a i l u r e  p l a n e s  
were n o t  a p p a r e n t .  

s i s t e n t  w i t h  e a c h  o t h e r  b u t  n o t  w i t h  t h e  o t h e r  t h r e e  a n i s o -  
t r o p i c a l l y  c o n s o l i d a t e d  tests i n  t h a t  a lower c y c l i c  s t ress  
r a t i o  was needed  t o  o b t a i n  a g i v e n  s t r a i n  i n  t h e  same number 
o f  c y c l e s .  A r e a s o n  f o r  t h e  d i f f e r e n c e  may be t h e  s i g n i f i -  
c a n t l y  lower u n i t  w e i g h t  a n d  h i g h e r  c o n t e n t s  o f  f i n e s  for the 
lower s t r e n g t h  s p e c i m e n s  ( 7 4  p c f )  as compared t o  t h e  s t r o n g e r  
spec imens  ( 9 4  t o  108 p c f ) .  

Two t es t s ,  CEl7 a n d  CEl8 gave r e s u l t s  which  seemed con- 
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For  t h e  i s o t r o p i c a l l y  c o n s o l i d a t e d  t es t s ,  t h e  doub le  
ampl i tude  s t r a i n  was chosen  as t h e  s t r a i n  criterion. I n  
all cases, t h e  s t r a i n  i n  e x t e n s i o n  was g r e a t e r  t h a n  i n  com- 
p r e s s i o n  and,  i n  s e v e r a l  cases, as ev idenced  i n  t h e  photo-  
g r a p h s ,  f a i l u r e  p l a n e s  deve loped .  

The  r e s u l t s  i n  F i g s .  2 2  and 23 i n d i c a t e  t h a t  a s  t h e  
e f f e c t i v e  c o n f i n i n g  p r e s s u r e  is  increased t h e  c y c l i c  stress 
r a t i o  r e q u i r e d  t o  c a u s e  a g i v e n  p e r c e n t  doub le  a m p l i t u d e  
s t r a i n  i n  a g i v e n  number of c y c l e s  i s  d e c r e a s e d .  T h i s  
r e s u l t  is i n  agreement  w i t h  t es t  r e s u l t s  on o t h e r  s o i l s .  
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5. CONSOLIDATED-UNDRAINED (E) TRIAXIAL TESTS 

5.1 Procedure 

One k t e s t  was performed on sample STlOB from Boring 
P15. The specimen preparation up to beginning the test is 
as previously described in Sections 3 and 4. The specimen 
was conso idated to an effective confining pressure of 

effective stress in-situ. 
1.9 kg/cm !! which was approximately equal to the vertical 

To ensure equalization of pore pressure, the rate of 
strain used was 0.3 rrun/min. 

5.2 Result6 

The test results are given in Fig. 28 and summarized 
in Table 4. 

The specimen tested consisted of a faintly banded, 
orange brown, micaceous, silty, medium to  fine sand. The 
banding dipped approximately 30° from the horizontal. Near 
the top of the specimen was a 5 mm band of angular, coarse 
sand-size quartz particles. During the test the specimen 
developed two failure planes, parallel to the banding, one of 
which was along the coarse sand band. 

about 36O. 
The maximum ( a l  - a 3 )  reached was 3.5 kg/cm2 and 3 was 



TABLE 1 - SUMMARY OF SPECIMEN - 
DRY UNIT WEIGHTS 

Test 
No. 

CE-8 

c�i- 9 

CE- 10 

CR- 11 

c�l- 12 

C k  1 3  

Ck- 14 

CR-15 

CR- 16 

CE-17 

c�i- 18 - 
R- 1 - 

Boring 
No. 

P-15 

P- 16 

P-15 

P-17 

P- 16 

P-17 

SWR-11 

P-15 

SWR-11 

SWR- 1 3  

SWR-13 

SWR-11 

P-15 

Sample 
Sect ion 

ST24B 

ST7A 

ST24A 

ST9B 

ST7B 

ST9A 

STlC 

STlOA 

STlB 

ST9B 

ST9A 

STlA 

STlOB 

Depth 

f t  

66-68 

37 .5-39 .5  

66-68 

47 .5-49 .5  

37 .5-39 .5  

47 .5-49 .5  

19.5-21.5 

31-33 

19 .5-21 .5  

47 .5 -49 .5  

47 .5-49 .5  

19 .5 -21 .5  

31-33 

In  - 
Ydt 

(1)  
PC f 

( 3 )  - 
- 
105.8  

1 1 0 . 4  

8 9 . 8  
( 3 ) -  

9 5 . 8  

97 .O 

9 6 . 7  

9 1 . 8  

75 .9  

7 5 . 3  

95.2 

103.0 

;he  Tube 

ydt 

( 2 )  
PC f 

1 0 2 . 4  

- 
1 0 7 . 3  

8 7 . 6  

- 

93 .7  

9 4 . 4  

9 4 . 1  

8 9 . 3  

7 4 . 2  

73 .7  

9 2 . 3  

100.0 

Triaxi 
Initial 

�di 
PC f 

101.1 

1 0 4 . 1  

106 .4  

8 6 . 3  

9 2 . 1  

9 2 . 8  

43.2 

9 3 . 3  

3 8 . 5  

7 3 . 3  

7 3 . 5  

9 2 . 1  

37 .2  

NOTES: (1) Calculated using measured cutting edge inside d iameter .  

( 2 )  Calculated using measured tube inside diamctcr. 

( 3 )  Annular space of about 0 . 0 3  mm. ,  unit weight not valid. 

Geotechnical Engineers Inc. 

1 Specimc.n 
- A f t e r  

Zonsol i d a t  ior; 

b c  
pc f 

- 

1 0 7 . 2  

111.1 

9 0 . 9  

9 5 . 3  

3 7 . 6  

9 6 . 9  

96 .2  

9 2 . 1  

7 5 . Q  

7 6 . 0  

9 5 . 4  

90 . �9 

Projccr 75?iJl)  
J u n e  1 5 ,  1976 



- 
TUt 
Na 

CE - 

- 
10) 

9 @� 
10 

11 

la 
13 

14 

w 
16 

I T  

18 
7 

- 
Bailg 

No. 

- 
-15 

-18 

-15 

P-lt 

P-16 

P-lt 

m - 1 1  

P l S  

SWR-11 

SWR-13 

SWR-IS - 

66-68 

3T.I-SS,S 

6 6 4 8  

4�l.549.5 

39.5-39. a 

47. i 4 . 5  

18.5-21.5 

a1 4 3  

19.1-21.6 

47. 6 4 9 .  I 

47.549.5 

TABLE 2 - CYCLIC CONSOUDATED-UNDRAINED G�il T R W L  TESTS 
NORTH ANNA P O W E R  STATION / SERVICE WATER RESERVOIR 

TrCdd 
T 

% 

pcf 

101.1 

104. I 

106.4 

86.3 

92.1 

gs. 8 

95a2 

95. 3 

88.5 

7s. 3 

75.5 

cmadM.tlaa 

7& 

pcf 

* 

167.2 

ill. 1 

90.9 

85.3 

97.6 

od. a 
Ma 2 

w. 1 

78. B 

78.0 

NUT=: (I) Toat rbortsd - msmbmo le-a. 

(2) Twt lbaxtd - cell mrlfrractlan. 

(3) Test rsrult wt raportbd - error durtpe l o d  .pplto@tiun. 

m m  
C- 
Prewurr 

m 
b 

iqc/cm2 
* 

2.5 

8.5 

2.5 

a, s 
2.5 

1.0 

1.5 

1.0 

1.5 

I. s 

- 
1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.5 

1.0 

1. I 

1.5 

crcuc 
Devl8tor 

St-r 

(el - 03b3 

k / cm2  
- 
- 

1.94 

1.51 

- 
1.20 

0.79 

1.69 

0.94 

1.30 

0. as 

Streas 
h H 0  

5- - va�E 

2 6 c  

- - 
- 

0,38 

0. so 

0. a4 

0.40 

0.56 

0.47 

0.43 

0.28 

. - 

- 
- 

0.38 

0.28 

r 

0.23 

0.37 

0.46 

0.44 

0.35 

0.23 

D d l e  I - 
2.5% - 
* 

- 
1 

4 

- 
14 

5 

1 

1 

1 

6 - 

- 
- 
5 

16 

37 

1Tl 

2 

19 

2 

13 

No. 
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cii -7  - 

Bwi nq 
No. 

Simple 
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Fftcctt re  
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P r,e ssu re 

5 c  
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kq cm- 

Cyclfc 
De 51’ a to  r 
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’01 - U 3 ’ C V  

pt* (1 
I Spcclmen 

Alter 
Canm lldat f on 

’tk 
Pcf 
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Finer  
Than 

200 
Sleve 
I 

C 

6 6  
lc nc 
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10" 

42.5- 
43.1 

22.3- 
23.1 

37.3- 
37.9 

17.5- 
I!. 1 

13.6- 
4 4 . 2  

.;7.2- 
i . 3 ,  3 
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1 4 . 5  - 
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1 9 . 4  

13.7 

2 7 . 1  

3 2 , 5  - 

95 

91 
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94 

9: 1 

1 . 0  
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1 . 0  

0 . 4  

I .  .5 
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1. (15 

1 . 2 4  

1. u1 

4 
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152 

213 

63 
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44 

31  

1 9  

32 
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31 

TOTES: t 1 1  Due to high mtc3 con ten t ,  rhc specimen3 sirelled after rxtruslan fvam the rube and therefore, the Initlai dr! unlt weights 
of thc t r laxlal  spectrnen Arc latter than t h r  d r t  unit  reiqhh in  the tuhc, 

(21 44 no p l n t  d u r i q  anr. test did the erfectI\.e confining prcqrtire reach zero,  

(31 In rest CR-1 and CR-2 ,  thp speclrnens reached a douhle m p l l t u t l e  a t r a i n  5t 2 ,  i 

141 In tcdt C R - 7 ,  the swcirncn renr4 t -d  a douhle amplifudc strain of 2 .  i " in  17 c v c l e s .  

in the c ic le  preceding the one listed. 

(51 In a l l  tests e?tcept those no:cd. t+ me\lr?,um cqrnpre?*lup s l ra ln  of 1. S’;, S r ’  and 10’ occurred at t h e  same t ime or earlier than the 
double amplitude strnln of 2 . 3 * ’ ,  5" and 1 n respecr i ic lv .  

Geotechnical Enqineers Inc.  P ro jec t  75260 
December 31, 1975 

Revised March 26, 197r 
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NUTE: (1) Test rbortcd. equipment failure. 
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Y 

Pcf kR/cm* %,/cm2 k g h 2  k / c m  

95.4 1.0 4, 0 

99.9 1.9 10.0 5 .49  0 ,  -54 3.57 2 

dc 
2 

9 (1 1- 

so. 7 2 00 

2 
b j e c t  75260 
June 17, 1976 
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Geotechnical Engineers Inca , 
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Frcm Test No. CR-17 
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Project North Anna Power Station 
Pro jcct No. 75260 
P W C  1 of 2 

Sample No. 
and Dcpth 

ft. 

ST-10 
31.0 to 
33.0 

ST-24 
66 to 
68 

Scction 
No. 

A 

B 

A 

B 

Lcngth of 
Scction 

i n .  
I>csc ription 

Faintly banded, orange brown silty medium to 
fine sand. Approximately 30% passing No. 200 
sieve. Contains micaceous bands and an oc- 
casional angular quartz particle up to 5-mm in 
diameter. Bands dip approximately 45O from 
horizontal. (Saprolite) 

(CE -15) 

Faintly banded, orange brown silty, mcdium to 
fine sand. Approximately 40% passing No. 200 
sieve. Contains micaceous bands and a 5-mm 
band of angular, coarse-sand-size quartz 
particles at top of sample along which failure 
plane developed. Bands dip approximately 30� 
from horizontal. (Saprolite) 

(i -2) 

Strongly banded gray white silty fine sand, 
Micaceous bands, Contains approximately 30% 
passing No, 200 sieve, Top of specimen con- 
tains several 2-3mm bands of white clayey 
material; possibly weathered feldspar. Relic 
structure of parent rock still very visible and 
dips at approximately 56O. (Saprolite) 
Developed failure plane in upper 1/3 of specime: 
(Saprolite) 

(Cli -10) 

Slightly banded gray white silty fine sand, 
Micaceous bands; contains approximately 20% 
passing No. 200 sieve. Near bottom of sample 
are two orthogonal bands about 3 mm wlde whicl 
contain soft, white clayey material, Relic 



Project North Anna Power Station 

Sample No. 
and Dcptli 

ft.  
L 

I�ro j oct No, 75260 
PWC 2 of 2 

I ) c m  ript ion 

structure of parent rock visible and dips at 
about 450, (Saprolite) 

(CR -8) 



1 3 o I ~ l N G  N O .  P-16 

Projcct North Anna Power Station 

SRmplc No, 
and Dcpth 

It. 

ST-7 
37.5 to 
39.5 

Scction 
No. 

A 

B 

Jcnglll of 
Section 

i n .  

6.6 

6.7 

T’rojccl. No. 752 60 

Page - o f 1  

l k s c  ription 

Banded, orange and white, silty medium to fine 
sand. Contains about 20% passing the No. 200 
sieve. Bands dip 58O from horizontal. 
(Saprolite) 

(C ii -9) 

Top 2 cm: Grayish white, clayey fine and 
medium sand. 

Middle 4.5 cm: White, f h e  sandy clay. 
Medium plastic, 

Bottom: Orange white, clayey, medium to 
fine sand. Becoming less clayey 
toward bottom. 

(S aprolit e)  

( C i i  -12) 



Projcct North Anna Power Station 

Snmplc No. 
nnd Dcpth 

ft. 

ST -9 
47.5 to 
49.5 

Section 
No. 

A 

B 

~ ~ ~~ 

Lcllgtll of 
Scc! ti on 

in. 

6.7 

6.7 

752 60 
1 of 1 

l’roiccl No. 
Page 

Top: Orange brown silty medium to fine sand. 
Approximately 40% passing No. 200 sieve. 
Contains one blackish band about 2 mm 
wide. Faint failure zone at top 1/3 of 
layer inclined at 35’ from horizontal. 

Middle: Orange white clayey coarse to fine sand 
Approximately 25% passing No. 200 sieve. 

Bottom: Similar to top layer. Banding dips at 
about 56’. 

(Saprolit e) 

(Ck -13) 

Banded brown silty fine sand-fine sandy silt. 
Contains 40% to 60% passing No. 200 sieve. 
Contains 3 mm wide band of medium sand size 
quartz particles which extends from top of 
sample for a length of 2 inches. Relic structure 
dips approximately 45O for top 1/4 of specimen 
and then bends around and dips 60° in the oppo- 
site direction for the remainder of the sample. 
(Sap roli te) 

(Cii -11) 



l U > l U N ( ;  NO. SWR-11 

I’rojcct North Anna Power Station 

Snmplc No, 
and Ilcpt,h 

ft. 

ST -1 
19.5 to 
21.5 

ST -1 
19.5 to 
21.5 

Ser  1 i on 
No. 

A 

B 

C 

Ldcllgtll of 
Scot ion 

i II , 

5.9 

6.5 

6.6 

Faintly banded, yellow green silty fine sand. 
Micaceous bands; contains about 30% passing No, 
200 sieve. Contained 1-4 mm layer in upper 
1/3 of sample of white clayey medium to fine 
sand. 
During failure, developed 3 l~ l l~ l  wide failure 
zone inclined at approximately 35’ from 
horizontal, Mica flakes oriented parallel to 
failure surface. 
(Saprolit e) 

Mottled yellow green silty fine sand, Micaceous 
bands; contains about 25% passing No. 200 sieve, 

Developed wedge shaped failure surface. Top 
surface and bottom surface inclined at 46’ and 
24’ respectively from the horizontal. 
(S aprolit e) 

Slightly banded, yellow green, silty medium to 
fine sand, Micaceous, bands. Contains ap- 
proximately 20% passing No. 200 sieve. Relic 
structure dips at 34: 
Color changes to brownish green in lower 5 cm. 
Less stratification visible. 
(Saprolfte) 
Failure place developed in upper 1/3 of specime 
Along failure place was noted whitish-green, 
slightly plsstic fines. 

( ii -1) 

(Ck -16) 

(Ck -14) 



Project North Anna Power Station 
1�ro.i cct No, 752 60 
I�ngr. 1 or 1 

Snmplc No, 
and Depth 

ft. 

ST -9 
47.5 to 
49.5 

Scction 
No. 

A 

B 

Longth of 
S o d  ion  

in. 

Slightly banded orange-pink fine sandy silt. 
Contains approximately 65% passing No. 200 
sieve, Banding dips at about 53�. 
(S aprolite) 

(Ck -18) 

Slightly banded, mottled orange brown and pink 
silty flne sand or fine sandy silt, Contains 
about 40% passing No. 200 sieve. Banding dips 
at approximately 43O. 
(Saprolite) 

(CE -17) 
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Attachment 4 to Appendix 3E
INVESTIGATIONS OF LOOSE SAPROLITE

1. Field Investigations

Additional borings were undertaken in the area of the southeast section of the service water
reservoir dike. Borings SWR-10, 11, 12, and 13, and P-15, 16, and 17 (Figure 1-7) were
completed during May 1976.

The boring program has been designed to identify and delineate “loose” foundation zones
per Regulatory Position 3.8. A subsequent NRC request required that undisturbed samples of
material be obtained for determination of in situ strength under unconsolidated undrained (U-U)
conditions. (Results of strength tests and stability analyses are reported later in this attachment.)
The program, therefore, has concentrated on determination of standard penetration test (SPT)
values and in situ density measurements of both dike and foundation material along the highest
section of dike, and at specific locations where previous borings indicated the possible existence
of “loose” zones. The locations of additional borings are shown by the boring location plan,
Figures 8 and 9. Borings with “P” suffix indicate new piezometer installations.

Total or dry unit weights, water contents, and SPT values determined at locations along the
dike centerline are shown by Figure 10.

Borings SWR-10 and P-15 were located near SWR-6, primarily to check repeatability of
previously measured low densities of 82.0, 83.3, 72.3, and 66.4 pcf. As shown on Figure 10, these
low densities were not confirmed, and in fact, densities measured in 16 undisturbed samples of
foundation material averaged over 100 pcf. Boring SWR-10, however, found lower SPT values,
with blow counts equal to 14 to 20, than previously measured in the 15-ft.-thick zone immediately
beneath the fill-foundation contact.

Where previous measurements in SWR-7 gave blow counts of 8, 11, and 16 in foundation
material near the fill-foundation contact, the additional adjacent boring P-17 measured SPT values
of 17 and greater in this zone.

The additional borings and measurements indicate that measured densities of foundation
materials in the sampling tubes as low as 75 pcf are not anomalous. However, extreme variations
in density can occur within one 30-inch tube. For example, P-17, ST-11, densities recorded for
two separate sections of the tube were 95.6 and 77.5 pcf, respectively. Similarly, relatively large
variations in blow counts occur within very small areas of the foundation. The occurrence of both
high and low measured densities and SPT values is generally random throughout the foundation;
that is, low densities occur in spots rather than in zones of a size that would be significant with
respect to foundation performance.

Boring SWR-12 was angled in an attempt to obtain undisturbed samples for U-U tests
having axes perpendicular to the foliation of the saprolite. Density measurements indicate a zone
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approximately 15 feet thick beneath the rock toe with lower densities and higher water contents
than encountered beneath the centerline of dike. These conditions are probably associated with a
greater depth of weathering near the natural drainage course. However, laboratory test data
indicate severe disturbance for many samples from this boring. The rock toe will provide positive
ground-water control, and stability analyses described separately account for the possibility of
low toe foundation strengths. For these reasons, the conditions measured by boring SWR-12 are
not considered critical to foundation performance. Foundation conditions at the dike toe to the
northeast of boring SWR-12 improve, as shown by borings SWR-11, P-10, and SI-3, where high
blow counts were measured at relatively shallow depths.

Evaluation of the results of investigations have considered the following factors:

a. New investigations into the structure and composition of the saprolites have been
undertaken (Parts 2, 3 and 4 of this response) which indicate that relatively low in situ
densities are not necessarily indicative of low strength or susceptibility to liquefaction.

b. It is apparent that measured (and reported) densities are lower than those actually existing,
due to the presence of halloysite. There is also a probability that the in situ material swells
just prior to sampling, in addition to the swelling observed when the material is extruded
from the sampling tube. Although the method of sampling (fixed-piston with 3-inch.
Shelby tubes) has been found to be the most effective means available, inclusions of quartz
often nick or bend the sample tubes, leading to an indeterminate reduction in average
density measured in the array of samples.

In view of these factors, measured in-place densities of less than 80 pcf are of less
significance than previously thought.

The additional field investigations indicate the embankment dry densities to be somewhat
higher than previously reported. The average of tests on a set of 18 tube samples was slightly over
100 pcf, compared to 95 pcf previously reported.

Density measurements of undisturbed foundation samples from SWR-13 showed lower
values than measured in other borings. For this reason, two additional borings were made located
approximately 70 feet to either side of SWR-13 on the dike centerline. Boring SWR-14, 70 feet
northwest of SWR-13, has been completed, and the remaining boring is in progress. Upon
evaluation of data from these borings, including additional in-place density measurements,
sufficient information will be available to approximate the extent, if indicated, of an area having
densities generally lower than those measured at other locations. This finding would result in
installation of a permanent dewatering system in the area defined to control ground water at
present levels, as indicated previously, the maximum extent of which would include an area of
foundation along the dike centerline between borings SWR-6 and SWR-5.
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2. Laboratory Testing of Undisturbed Samples

General

Testing of the 80 3.0-inch-diameter, thin-wall tube samples began in a soil laboratory at the
site where sections were cut from approximately half the samples for density determinations.
These sections were all cut from the top of the samples in order to leave intact the wax plug and
seal at the bottom for later transportation to Boston. First, about 2 inches of the sample was cut
from the top to ensure that the section of tube below it contained intact material (this topmost
section was always designated “A”). If the “A” section appeared disturbed, another 3 inches or
more would be removed before making a density determination. For each density determination at
the site, a 4-inch section (typically the “B” section, though sometimes the “C”) was cut for
weighing and measuring. The top of the remainder of each tube was then capped and sealed with
tape for transporting to Boston.

Samples were cut into sections by clamping each tube between the circular faces of two
aligned pairs of hardwood blocks, one pair of blocks on either side of the point being cut. (The
all-around rigidity of the clamping blocks prevents any flexing of the tube out-of-round during
cutting.) Each steel sampling tube was cut through by the slow revolution of a thin-wheeled tube
cutter.

The material within the tube was then cut by a taut, thin (0.15-inch) steel wire. The inside
edge of the cut rim of the tube was always deburred before extruding the contents of the tube past
the rim.

At the soils laboratory in Boston, sections for density and strength determinations were cut
from each sample starting at the bottom. First, 2 to 3 inches (always called the “G” section) were
cut from the bottom to ensure that the section of tube above it contained undisturbed material and
to permit a thorough examination of the sampling tube cutting edge. Succeeding sections above
the “G” section of each tube were cut into 6- to 7-inch lengths (designated, in turn, “F,” “E,” etc.).

The results of all measurements and tests on the undisturbed samples are summarized in
Tables 1 through 6 and are discussed in the following paragraphs.

In Situ Density Determinations

Procedure

Both the embankment and the foundation materials, containing relatively high percentages
of mica, expand significantly upon being extruded from the confinement of a sampling tube. The
expansion results in a decrease of the computed unit weight by as much as 10 pcf. During this
investigation, the unit weight of essentially every section cut from the samples was determined
both while the material was still in the tube and after it had been extruded from the tube. The
sample diameter for computing the unit weight before extruding the material was taken from the
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inside diameter of the cutting edge of the sampling tube. This dimension is preferable for a
fixed-piston sampler (where the sample cannot increase in length) to correct for the expansion of a
material to completely fill the area of the tube. (These particular materials certainly expanded in
the tubes, as shown by the wall friction that prevented axial expansion until extrusion from the
tubes.) The cutting edges of sampling tubes being used by the driller during this investigation
were examined and measured to determine an average inside diameter to be applied to all
computations of unit weights. These inside diameters, as well as those of the cylindrical bodies of
the tubes, were found to be within very close tolerances, and an average value of 7.22 cm was
taken for the inside diameter of the cutting edge and an average value of 7.29 cm was taken for the
inside diameter of the cutting edge and an average value of 7.29 cm was taken for the inside
diameter of the tube itself (used for computing unit weights for comparison purposes).

After each section (excluding the “A” and “G” sections) had been cut from a sample, the
ends of the material were dressed with a straightedge to the same length as the tube, and each end
was covered with a rigid plate. The tube, plates, and material were then weighed together. After
the material had been extruded, the section of tubing and the two plates were thoroughly cleaned
and weighed to permit computation of the weight of the wet material. Measurement of the length
of the tube then permitted computation of the wet unit weight of the material before being
extruded.

The length, diameter, and weight of the extruded section were determined to permit
computation of the wet unit weight of the material after being extruded.

Either the entire section of material was used to determine the water content needed for
computing the dry unit weight or else the water content was taken from the records of the
undrained compression test performed on that section.

When a compression test specimen was trimmed to a diameter smaller than that of the
extruded section, the dimensions and weight of the test specimen were used to compute an
additional unit weight of the material.

The four possible bases for computing the dry unit weight of the material are indicated in
Tables 1 through 6 as follows:

a. Before being extruded, based on inside diameter of cutting edge.

b. Before being extruded, based on inside diameter of sampling tube.

c. After being extruded.

d. After trimming of test specimen.

To further show the effect of the expansion of these materials on the computed properties of
the samples, Tables 1 through 6 also show values of void ratio, e, and degree of saturation, S,
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based on the dry unit weight and water content, which were computed by standard relationships,
where the specific gravity of the solids, G, was assumed to be 2.68, based on determinations made
during the investigation in late 1975. Only two bases for computing these properties were
considered, as follows:

a. Before being extruded, based on inside diameter of cutting edge; that is, the closest
approximation of the in situ property.

b. Either after being extruded (basis “C”) or, if a test specimen were trimmed, after trimming
the specimen (basis “D”); that is, the property of the test specimen.

Embankment

From a total of 24 determinations, the dry unit weight of in-place embankment material was
found to vary from a low of 86.9 pcf to a high of 109.8 pcf, with an average of 100.7 pcf. These
values, however, may include results from samples that had been disturbed during sampling;
gravel-size particles in the fill caused heavy damage to the cutting edge in several instances
leading to a reduction in measured density.

Samples taken within the top 1 foot showed lower than average unit weights. Two samples
(sample 6 from boring P-16 and sample 4 from boring SWR-13) intersected the interface between
the embankment and the foundation. The dry unit weight of the embankment material
immediately above this interface was found to be 86.9 and 97.6 pcf, respectively, in these two
samples.

Foundation

A total of 86 determinations were made of the in-place dry unit weight of the foundation
material. Values varied from as low as 69.4 pcf (sample 6 from boring SWR-12) to as high as
119.2 pcf (samples 22 and 23 from boring P-15). It should be noted that accurate representation of
actual foundation conditions involves a spatial display of density values at the points in the
foundation at which each value was measured; a simple averaging of density values is not an
appropriate means of describing conditions. Average density is, of course, appropriately used in
evaluating the overall performance of these foundation zones. The possibility of sample
disturbance must also be kept in mind when examining these unit weights, though, in general, no
damage to cutting edges can be related to the lower unit weights determined.

The shape of the stress-strain curves for undrained compression tests performed on samples
from boring SWR-12 (Figure 11 Sheets 1-5) shows clearly that these samples were disturbed, and
all of the unit weights determined in this angle boring must be considered to be lower than their
actual weights. Similarly, two samples (12F and 12E) from boring SWR-13 gave stress-strain
curves (Figure 11 Sheet 5) showing possible disturbance that might be related to the low dry unit
weights (80.8 and 75.5 pcf, respectively) of these samples. On the other hand, other samples for
boring SWR-13 (6, 8, and 10) with equally low dry unit weights (71.9, 84.1, and 75.7 pcf,
 



Revision 43—09/27/07 NAPS UFSAR 3E Att. 4-6
respectively) gave stress-strain curves (Figure 11 Sheets 6-7) showing a relative freedom from
disturbance.

3. Composition of Saprolite

Thin sections of samples from borings SWR-3, SWR-4, SWR-5, SWR-7, and P-10
(Table 7) were examined in order to determine in a qualitative manner the fabric, texture, and
mineralogy of the saprolite beneath the service water reservoir dike (see boring location plan,
Figure 12).

The analysis was undertaken to clarify some of the results of soil classification and
laboratory analyses, and to clarify the engineering behavior of the saprolite. Twenty-seven thin
sections were examined under plane and polarized light at various magnifications up to 400x.

Sections were cut at various angles to the visible banding in undisturbed samples. Part a of
Figure 13 shows a section cut perpendicular to the plane of foliation. Other sections were cut
parallel to the foliation in both felsic (quartz- and feldspar-rich) layers and mafic (biotite-rich)
layers to see if any minerals were oriented in the plane of foliation. Large sections
(1.75-inch x 2-inch) were cut horizontally across six of the samples, and small sections
(1-inch x 1.75-inch) were cut vertically at the ends of the large sections. A wide range of
orientations of section to foliation resulted from the procedure.

Percentage of minerals present in the thin sections was estimated by scanning the sections
under low magnification or by projection of the thin section onto a screen using a slide projector.
Size of grains was estimated by using a micrometer eyepiece in the polarizing microscope. Major
minerals were identified by standard optical petrographic techniques; accessory and trace
minerals were ignored for this analysis.

Fabric

The fabric of the saprolite is shown in Part a of Figure 13. The fabric is that of the parent
rock, a biotitic granite gneiss. The saprolite consists of irregular planar bands of light-colored
minerals in interlocking grains and irregular bands of dark-colored minerals in elongate grains.
The strong foliation evident in the saprolite dips at angles of about 50 degrees from the horizontal.
Some elongation of feldspar and quartz in the plane of the foliation occurs in one section, but no
elongation is apparent in the direction perpendicular to the strike. Within the gneissic bands, the
felsic grains are well interlocked and not strongly oriented. The biotite grains are strongly
oriented with basal planes parallel to the plane of foliation. There is no apparent preferred
alignment or elongation of the biotite within the plane of foliation. The biotite layers appear to be
planes along which slippage could take place more readily than along the intervening well-
interlocked felsic layers.

The fabric of the saprolite contrasts strongly with that of a sand (Part b of Figure 13). The
sand shows no foliation and no interlocking of grains, even though the grains are quite angular.
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The sand thin section also shows a well-developed void network unlike that of the saprolite. The
fabric of saprolite is therefore not one of a transported soil but one of the parent rock material. The
fabric is anisotropic; that is, it has strongly directional properties.

Texture

The textural relationships of the North Anna saprolite are shown in Parts a and c of
Figure 13. Visual estimates of grain size in the thin sections yields a range of 0.05 to 10 mm.
However, most of the grains fall in a much narrower range of about 0.1 to 2 mm. These size
ranges are for discrete mineral grains observable under the microscope. Many “grains” with very
sharp boundaries are composed of minute particles of clay minerals. The size of the individual
clay minerals is too small to ascertain under the magnification available, but is smaller than
0.010 mm in most cases.

Therefore, although the grain size of the clay mineral aggregations or parent “grains” are
similar to surrounding minerals in the interlocked fabric, the size of the clay within the “grains” is
much smaller.

The most striking textural feature of the saprolite is the angularity and interlocking nature of
the grains. There is no indication that individual grains are arranged so as to be able to reorient.
On the contrary, any change in orientation of one grain would affect the surrounding grains
because they are so completely locked geometrically in the overall fabric. The interlocking nature
of the grains is shown in Part c of Figure 13.

The textural relationship of void space to grains is difficult to ascertain in the thin sections
studied. There is no apparent volumetrically identifiable void network extensive enough to allow
reorientation of grains (compare Parts a and b of Figure 13). Void space must occur along grain
interfaces and within clay mineral aggregates as well as irregular joints and partially filled
fractures. Many of the grains are fractured, but it is not known how much of the fracturing is due
to the thin sectioning process. Clearly, some of the fractures are geologic because they are stained
by weathering products.

The geometric interlocking of the grains and the lack of a void network that would allow
reorientation of grains indicates that the saprolite could not liquefy.

Mineralogy

The mineralogy of the saprolite reflects to a large degree the mineralogy of the parent
gneiss. The parent rock is composed mostly of quartz, microcline (potassium feldspar), and
plagioclase (sodium-calcium feldspar), with minor to moderate amounts of biotite (brown to
black mica). Other constituents are of minor importance and were ignored for the purposes of this
investigation.
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The mineralogy of the saprolite in thin section is seen to consist of quartz, microcline, clay
minerals (unidentified as to type), and biotite. Much of the biotite is bleached and shows low
birefringence. This is no doubt due to weathering and incipient hydration of the biotite. Quartz
and microcline are clear and unaltered in thin section. There has been no significant corrosion of
the grain boundaries. Plagioclase was identified only in one section, SWR-4 sample 6A2 from a
depth of 77 feet (see Table 7). This grain is shown in Part c of Figure 13. Even at a depth of
77 feet, the plagioclase is nearly 50% altered to clay minerals. Clay aggregations in other thin
sections retain the polygonal form of plagioclase grains and are therefore interpreted to be
alteration products of plagioclase. The mineralogy of the clay aggregates are discussed in another
section of this report.

The mineralogy of the saprolite therefore reflects a weathering process in which plagioclase
feldspar has been converted to clay minerals, biotite has been bleached and partially hydrated, and
quartz and microcline have remained unaffected. The weathering and change in mineral
composition has not disrupted the relic fabric or significantly increased visible void space.

Visual estimates of mineral percentages yield the following:

Quartz 30% - 40%

Microcline 20% - 30%

Clay minerals 25% - 40%

Biotite 5% - 20%

Depth Relationships

Section P-10 sample 1 taken from a depth of 3 feet is not saprolite. No relic rock fabric is
preserved. Each grain is an individual in a matrix of biotite and clay minerals with no apparent
preferred orientation. The mineralogy is similar to that of the saprolite but the original fabric has
been destroyed. This sample is interpreted to have been disturbed by near surface activity, either
climatic or man-induced.

The saprolite from the greatest depth (77 feet) is somewhat less altered than that from
samples above. Plagioclase is still recognizable and biotite is relatively fresh. Little iron oxide
staining occurs at this depth. As depth decreases, the only apparent change is that plagioclase is
entirely altered to clay, biotite becomes progressively more bleached, and straining is more
abundant and pervasive. No significant change in fabric or texture occurs with decreasing depth
until near the surface.

Clay Mineralogy

Dr. R. Torrence Martin has studied the clay mineralogy of samples taken just above those
used for thin sectioning in the borings listed in Table 7. Previously he had also reported on the
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clay mineralogy of a sample from boring P-11. In conjuction with X-ray diffraction (XRD)
analysis, Dr. Martin photographed some of the clay particles using a scanning electron
microscope. The XRD analysis and photomicrography were undertaken to ascertain the size,
shape, and mineralogy of clay within the North Anna saprolite and to establish the kind and
quantity of clay minerals over the site of the service water reservoir dike.

The major clay mineral in all samples was halloysite with lesser amounts of illite and
smectite (montmorillonite). Hallysite is a hydrated form of kaolinite. Halloysite occurs as
aggregates of plates and hollow tubes with large amounts of void space within the aggregates
(Figure 13). Much of the clay mineral is larger than the 2μm equivalent spherical diameter.
Estimates of clay mineral content range from 20% to 75% and, in general, indicate that large
amounts of the samples consist of clay minerals.

The general conclusions resulting from the clay mineral analysis are the following:

a. Most of the clay in the saprolite is halloysite, a mineral difficult to orient and one that
contains much water.

b. Much of the halloysite is in the form of aggregates that are larger than 2μm and therefore
would be classified as silt.

c. The clay mineral content is significantly higher than indicated by the soil classification
indices. The clay aggregations are too strongly interbonded to be dispersed by the normal
methods used in soil classification tests.

d. The halloysite content may account in part for the low relative densities obtained for the
saprolite.

4. Liquefaction Study of Service Water Reservoir Foundation Materials

Part 3 of this attachment describes the composition of the saprolite foundation material. It is
quite evident that the material, which has formed in place, and basically is comprised of
interlocking particles with intersticial clays, would not tend to rearrange under seismic loading,
with subsequent transfer of stress to pore water. Examination of the material in these terms leads
to the conclusion that the saprolite is not susceptible to liquefaction.

Previous reports submitted in December 1975 (Section 3E.2) and March 1976 (FSAR
Amendment 49 response to P 3.8) have discussed the susceptibility of the service water reservoir
(SWR) foundation soils to liquefaction. In this attachment, this earlier material is reviewed, along
with some recently developed laboratory data. The general character of the foundation soils with
respect to their liquefaction potential is discussed, and the factor of safety against liquefaction for
a cross section taken through the service water reservoir embankment is evaluated.

The foundation material beneath the service water reservoir embankment is saprolite, i.e.,
an “earth material that has been derived by disintegration and decomposition in place and has not
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been transported.” (Reference 1) The most significant characteristic of this material is its spatial
variability. This characteristic is exhibited in both the visual descriptions of material and
measured sample dry unit weights and water content. Some of these data are presented in the
boring logs shown in Figure 1-7.

Between November 1975 and June 1976, Geotechnical Engineers, Inc. (GEI) carried out 18
consolidated-undrained cyclic triaxial tests. Three of these 18 tests were aborted due to testing
equipment failures (leaking membrane, faulty triaxial cell). Table 8 presents the significant details
of the 18 tests. Some of these data have been presented in previous reports. Table 9 gives
preliminary descriptions of the samples tested. The final report, Report on Laboratory Soil
Testing, North Anna Power Station, Service Water Reservoir, dated June 21, 1976, is included as
Attachment 3 to Appendix 3E.

Vepco based its selection of undisturbed samples for the cyclic triaxial tests on four criteria:

a. Sample classification of the material near the ends of the undisturbed sampling tubes and
the classification of adjacent disturbed standard penetration test (SPT) samples.

b. Proximity of undisturbed samples to low SPT blow counts.

c. Inclusion of samples selected over the entire soil foundation depth range, from the bottom
of compacted fill to the top of hard foundation material.

d. Measured sample densities of undisturbed specimens taken from the ends of the
undisturbed sampling tubes. Low sample density was the principal basis for sample
selection.

Because of the spatial variability of the saprolite, the four criteria were unable to pinpoint
the optimum locations for test specimen selection. GEI laboratory personnel made the final,
precise selection of cyclic triaxial test specimens based on close examination of the entire
undisturbed sample following extrusion from the tubes.

The visual sample descriptions of the test specimens may be examined in Table 9. Table 8
lists the dry unit weights and water contents of the test specimens. The spatial variability of the
saprolite is most vividly demonstrated by comparing data on different specimens derived from a
single undisturbed sampling tube, such as for tests 8 and 20, tests 9 and 12, tests 11 and 13,
tests 14 and 16, and tests 17 and 18. The maximum difference in unit weight for these five pairs of
samples, each from the same sampling tube, is 12%; the maximum difference in water content is
19%. An examination of the sample visual descriptions also shows large variability.

Table 8 reports results of the cyclic triaxial tests in terms of cyclic deviator stress,
(σ1 - σ3)cy, and the ratio of the cyclic deviator stress to the minimum principal effective
consolidation stress or the cyclic stress ratio. In keeping with earlier discussions of liquefaction of
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the SWR foundation materials, the liquefaction potential of these soils is analyzed in terms of the
octahedral shear stress:

and the octahedral normal stress:

where σ1, σ2, and σ3 represent the principal normal stress components. The test result data
of Table 8 are plotted in Figure 14 in terms of the applied laboratory octahedral shear stress ratio
versus the number of loading cycles required to reach 5% maximum compressive strain.

The most consistent segment of the cyclic triaxial test data is the three tests performed at a
CSR =  = 1.0 and at an effective confining stress of 2.5 kg/cm2 (tests 10, 11, and 13). A
least-squares fit of a log-linear relation was drawn through these data points to produce the
correlation line for = 1.0 shown in Figure 14. For conservatism, the data from tests 14 and
16 were not used to produce this correlation.

In order to produce the correlations for the larger values of CSR, log-linear relations were
drawn at the same slope as the CSR = 1.0 line. These correlations pass through the centroid of the
data points for each of the CSR values greater than 1.0 and are parallel to the trend of the most
consistent segment of the cyclic triaxial test data.

In order to evaluate the level of cyclic octahedral shear stress necessary to cause
liquefaction, the data of Figure 14 must be evaluated for a particular number of equivalent
earthquake cycles. Based on the recommendations given by Seed et al. (1975) (Reference 2) and
on data presented in Section 2.5.2.6, 10 equivalent cycles have been used. The data for Figure 14,
a plot of octahedral cyclic shear stress ratio versus consolidation stress ratio, were derived by
evaluating the correlation curves of Figure 14 at an abscissa of 10 cycles. Figure 14 was used as
the basis for evaluation of cyclic shear strength in the SWR foundation.

To calculate the range of liquefaction potential that exists under the SWR embankment, five
profiles were selected along the embankment cross section shown in Figure 15. This cross section
is identical to the section that was most critical in the calculations of slope stability.

Evaluation of the cyclic shear stress necessary to cause liquefaction (5% compression strain
at 10 cycles) requires the following data along each profile:

a. Vertical and horizontal total stresses, σV and σH.

b. Pore pressure, u.

Toct
1
3
--- σ1 σ3–( )2 σ1 σ2–( )2 σ2 σ3–( )2

+ +=

σoct
1
3
--- σ1 σ2 σ3+ +( )=

σ1 σ3⁄

σ1 σ2⁄
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c. Octahedral normal effective stress, = (σV + σH) (1 + υ) - U where υ is the Poisson’s
ratio.

d. Consolidation stress ratio,

From these data, the shear strength relation shown in Figure 14 was used to calculate the
allowable octahedral cyclic shear strength. To calculate the values of the total stress components
beneath the embankment, a finite element analysis was used. In this calculation, the modulus of
all the material in the cross section was assumed to be uniform, homogeneous, isotropic, and
linearly elastic.

In order to assess the level of octahedral shear stress caused by a potential earthquake, a
modified relation proposed by Seed et al. (1975) (Reference 2) was adopted:

where Foct converts the original expression for the shear stress on horizontal planes into
octahedral shear stress. For the plane strain conditions appropriate for this long embankment
section, Foct = 0.816.

Table 10 lists the stress values and strength magnitudes calculated by the procedure just
described. From these data were developed the shear stress profiles shown in Figure 15. This
figure illustrates that there is no point along the profiles analyzed where the earthquake-developed
octahedral shear stress exceeds the octahedral cyclic shear strength.

A factor of safety against liquefaction has been defined as the ratio of the cyclic octahedral
shear strength to the cyclic octahedral earthquake shear stress, . Figure 16 shows
the distribution of factor of safety against liquefaction versus depth for the five profiles analyzed.
The factor-of-safety values plotted range from a low of 1.51 to a high of 6. Seed et al. (1975)
(Reference 2) have suggested that the values of cyclic shear stress necessary to cause initial
liquefaction with combined two-dimensional horizontal shaking may be 10% less than the
one-dimensional shear stresses applied in the laboratory tests. Incorporating this factor into the
calculated data shown in Table 10, Figures 15 and 16 will reduce the cyclic shear strength and the
factors of safety by 10%. The factors of safety for two-dimensional shaking range from 1.36 to
about 5.4.

The liquefaction analyses given in previous reports, the additional laboratory cyclic testing
results, and the reanalysis reported above all show that liquefaction of the foundation soils
beneath the service water reservoir embankment will not occur during the safe-shutdown
earthquake (SSE). For the case analyzed where the ground-water level is at its most likely
position, as shown in Figure 15, the minimum factor of safety against liquefaction is 1.36,
including the effects of two-dimensional shaking.

σoct

σ1 σ3⁄

ΔToctf
0.65

amax
g

----------- σV× d Foct×( )×=

ΔToctl
ΔToctf

⁄
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In a previous report, Vepco investigated the effect of an elevated water table at a level of
303 feet. Incorporating this condition into the present analysis will influence the results only for
profiles D and E, which used ground-water levels below Elevation 303 feet. The ground surface
elevation at these two locations is 287 feet and 283 feet, respectively. If it is assumed that the
ground-water level at Sections D and E is at the ground surface, the calculated effective
octahedral normal stresses, the calculated cyclic shear strengths, and the factors of safety will be
smaller than the values shown in the table and figures. Including the effect of the elevated water
table, as well as two-dimensional shaking, the minimum factor of safety along Sections D and E is
1.6. Thus, it has been shown that even for the most conservative location of the ground-water
surface elevation, the foundation of the service water reservoir embankment will not liquefy
during the safe-shutdown earthquake.

ATTACHMENT 4 TO APPENDIX 3E REFERENCES

1. W. L. Stokes and D. J. Varnes, Glossary of Selected Geologic Terms, Proceedings, Colorado
Scientific Society, 1955, p. 128.

2. H. B. Seed, I. Arango, and C. K. Chang, Evaluation of Soil Liquefaction Potential During
Earthquakes, EERC Report 75-28, University of California, Berkley, 1975.
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Table 7
DATA FOR SAMPLES THIN SECTIONED

Boring
Number

Sample
Number

Depth Below
Original

Ground, ft
Percent
Fines

Percent Water
Content

P-10 1E 3 26 19

SWR-5 4Ba 26 35 26

SWR-7 7B 26 38 23

SWR-4 2A1a 27 36 24

SWR-3 4E 60 23 15

SWR-4 6A2a 77 34 20

a. Oriented sections obtained.
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Table 9
PRELIMINARY VISUAL DESCRIPTIONS OF CYCLIC TRIAXIAL TEST SAMPLESa

Test Numberb Description

CR-10 Grey/white saprolite breaks down to fine sand with silt, fine mica flakes 
throughout, top 3.5 cm, layered black and white, white layers clayey, 
foliation dips at 56°.

CR-11 Brown saprolite, fine silty sand, contains 3mm wide layer of med. sand 
size quartz particles, folation dips at 45° for top 1/4 of sample, then bends 
around to dip 60° in opposite direction.

CR-13 Orange-brown saprolite, silty fine to medium sand, band of orange-white 
clayey med. to coarse sound, foliation dips at 60°, possible failure plane at 
35° in top 1/3 of sample.

CR-14 Yellowish-green saprolite, fine to med. sand, 2 to 3 mm layers of very fine 
mica flakes, foliation dips at 34°.

CR-15 Orange-brown saprolite, silty fine to med. sand, micaceous, contains 
occasional angular quartz particles to 5 mm, contains zones that are 
slightly plastic, foliation dips at 45°.

CR-16 Mottled yellow-green saprolite mostly fine to med. sand, slightly silty, fine 
to med. mica flakes.

CR-17 Mottled orange-brown saprolite, silty fine to med. sand, foliation dips at 
43°.

CR-18 Mottled orange-pink saprolite silty sand, foliation at 53°.

a. Sample descriptions are preliminary pending completion of laboratory classification tests.

b. Descriptions for aborted tests are not included.
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Figure 1  (SHEET 1 OF 2)
BORING LOG SWR-10

SERVICE WATER RESERVOIR
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Figure 1  (SHEET 2 OF 2)
BORING LOG SWR-10

SERVICE WATER RESERVOIR
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Figure 2  (SHEET 1 OF 2)
BORING LOG SWR-11

SERVICE WATER RESERVOIR
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Figure 2  (SHEET 2 OF 2)
BORING LOG SWR-11

SERVICE WATER RESERVOIR
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Figure 3  (SHEET 1 OF 2)
BORING LOG SWR-12

SERVICE WATER RESERVOIR
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Figure 3  (SHEET 2 OF 2)
BORING LOG SWR-12

SERVICE WATER RESERVOIR
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Figure 4  (SHEET 1 OF 3)
BORING LOG SWR-13

SERVICE WATER RESERVOIR
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Figure 4  (SHEET 2 OF 3)
BORING LOG SWR-13

SERVICE WATER RESERVOIR
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Figure 4  (SHEET 3 OF 3)
BORING LOG SWR-13

SERVICE WATER RESERVOIR
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Figure 5  (SHEET 1 OF 2)
BORING LOG SWR-15

SERVICE WATER RESERVOIR
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Figure 5  (SHEET 2 OF 2)
BORING LOG SWR-15

SERVICE WATER RESERVOIR
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Figure 6  (SHEET 1 OF 2)
BORING LOG SWR-16

SERVICE WATER RESERVOIR
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Figure 6  (SHEET 2 OF 2)
BORING LOG SWR-16

SERVICE WATER RESERVOIR
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Figure 7  (SHEET 1 OF 3)
BORING LOG SWR-17

SERVICE WATER RESERVOIR
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Figure 7  (SHEET 2 OF 3)
BORING LOG SWR-17

SERVICE WATER RESERVOIR
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Figure 7  (SHEET 3 OF 3)
BORING LOG SWR-17

SERVICE WATER RESERVOIR
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Figure 11  (SHEET 1 OF 7)
UNDRAINED COMPRESSION TANKS

SERVICE WATER RESERVOIR
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Figure 11  (SHEET 2 OF 7)
UNDRAINED COMPRESSION TANKS

SERVICE WATER RESERVOIR
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Figure 11  (SHEET 3 OF 7)
UNDRAINED COMPRESSION TANKS

SERVICE WATER RESERVOIR
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Figure 11  (SHEET 4 OF 7)
UNDRAINED COMPRESSION TANKS

SERVICE WATER RESERVOIR
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Figure 11  (SHEET 5 OF 7)
UNDRAINED COMPRESSION TANKS

SERVICE WATER RESERVOIR
 



Revision 43—09/27/07 NAPS UFSAR 3E Att. 4-61
Figure 11  (SHEET 6 OF 7)
UNDRAINED COMPRESSION TANKS

SERVICE WATER RESERVOIR
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Figure 11  (SHEET 7 OF 7)
UNDRAINED COMPRESSION TANKS

SERVICE WATER RESERVOIR
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Figure 12 
SUPPLEMENTAL BORINGS

SERVICE WATER RESERVOIR; BORING LOCATION PLAN
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Figure 14 (continued)
SERVICE WATER RESERVOIR
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Attachment 5 to Appendix 3E
STABILITY OF THE SERVICE WATER RESERVOIR EMBANKMENT

1. Introduction

Supplemental field and laboratory studies were undertaken to answer several questions with
regard to stability of the service water reservoir embankment. The analyses discussed in response
to NRC concerns are as follows:

1. Review of embankment and foundation properties affecting stability.

2. Determination of in situ strength under unconsolidated undrained (UU) test conditions.

3. Reanalysis of undrained stability using strain compatible UU strengths for the embankment
and foundation.

2. General

Reanalysis of seismic stability of the service water reservoir embankment was made
utilizing strain compatible, undrained strengths obtained from laboratory UU tests on undisturbed
embankment and foundation samples. Analyses were made for the section of maximum height
and most critical foundation geometry. This section is located in the southeast embankment area
50 feet east of Section 1-1 (Figure 1).

A parametric study of the effects of seismic input, material weight and strength, and the
existence of foliation on stability of the embankment at this section has been made to illustrate the
relative significance of changes in these inputs on the computed factor of safety (FS).

Seismic coefficients were input into the analysis in the horizontal and vertical directions
most adverse to embankment stability. Reported factors of safety are for circular failure surfaces
analyzed using the simplified Bishop method. For each of several trial centers, numerous circles
of various radii were analyzed to determine the critical failure surface and the corresponding
minimum factor of safety.

Analyses of stability for failure of the downstream slope have been reported, since this
represents the operating condition of most critical potential stability under seismic loading.1

Shallow failures through granular materials of the rock shell in the downstream slope were not
considered, since the minimum factor of safety for this case has been previously established for
the existing material density, strength, and slope geometry (see Table 3.8-14).

3. Embankment/Foundation Geometry

Embankment and foundation geometry was taken at the section of maximum height and the
most unfavorable downstream topography of the reservoir area (Figure 2). The phreatic surface

1. A check of upstream seismic stability under full reservoir conditions was made utilizing the additional 
strength data confirming the previously reported factors of safety.
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was assumed to vary from Elevation 315 ft. at the upstream face to Elevation 273 ft. beyond the
downstream toe. This represents a somewhat more conservative phreatic surface than that
expected under operating conditions. Embankment details were taken from construction as-built
drawings. The base elevation of circular arcs was taken to be Elevation 240 ft., corresponding to
the average upper boundary of severely to moderately weathered rock (SPT values of
approximately 100 blows/ft). It should be noted that due to the nature of weathering of the parent
gneiss, this surface is, in reality, extremely irregular.

4. Material Anisotropy and Strength

A detailed discussion and presentation of laboratory results is included in Attachment 4 of
Appendix 3E. A brief discussion of the results of this work is included below.

Undrained strengths obtained from undisturbed samples of the compacted embankment
core indicate strengths (SUemb) varying with depth from 2.06 to 4.22 ksf at an axial strain of 8%
and a degree of saturation of about 100%. For the foundation material, the undrained strength
across foliation or through massive saprolite (SU) is greater than the undrained strength along
foliation (Sfol). The strength data available for saprolite samples unaffected by foliation indicate
strengths varying from 2.00 to 3.24 ksf at an axial strain of 8% and 100% saturation. For samples
influenced by foliation, the undrained strength varies from 1.00 to 1.80 ksf at comparable strains
and level of saturation. Laboratory unit weights determined for samples obtained in the most
recent investigations do not differ significantly from the saturated unit weights used in previous
analyses; i.e., a saturated unit weight of 120 pcf for the embankment core and a saturated unit
weight of 121 pcf for the foundation saprolite. One boring, SWR-13, had measured saturated unit
weights in a zone near the embankment foundation contact of approximately 100 pcf. Material
properties used in the stability analysis are summarized in Figure 2.

5. Analysis

Due to the orientation of foliation (N55-70E, 45-60NW) (Reference 1), potential
downstream failure arcs through the foundation must pass normal or at a high angle to foliation
for the majority of the arc length at this section. Excluding, for the present, that portion of the
circular arc that might exit subparallel to foliation at the passive toe, the saprolite strength across
foliation is applicable to the stability of this section.1

A graphical summary of the effect of ground acceleration on stability of the downstream
slope under undrained conditions is shown in Figure 3. For the purposes of analysis, the
undrained strength of the embankment core (Semb) has been conservatively assumed to equal
2.0 ksf.

1. For the northwest side of the reservoir the opposite geometric sense of foliation orientation relative to the 
failure arc applies, but failure along foliation is nonmechanistic. Further, failure of a wedge along postu-
lated relic joint surfaces has been previously analyzed and found to have an acceptable factor of safety.
 



Revision 43—09/27/07 NAPS UFSAR 3E Att. 5-3
The minimum factor of safety for the embankment has been calculated for a varying
undrained shear strength of the foundation (SU) under the following seismic inputs: (1) static
case, (2) a horizontal acceleration of 0.18g, and (3) for the safe shutdown earthquake maximum
ground acceleration of 0.12g vertical and 0.18g horizontal, with orientations in the most adverse
directions. Note that for seismic input less than the safe shutdown earthquake, the factor of safety
for undrained conditions is significantly increased for any given value of SU.

A conservative undrained strength for the foundation (SU) is 2.0 ksf. Using this value,
failure arcs for the static case are shown in Figure 4 and for the SSE maximum ground
acceleration in Figure 5. The critical failure arc (Figure 5) has a minimum factor of safety of 1.32
and is of relatively large radius and depth. This is due to the fact that the horizontal driving force
increases with depth, proportional to the slice height multiplied by a constant horizontal seismic
coefficient, while the resisting strengths are constant with depth. Shallower potential failure
surfaces have a correspondingly higher factor of safety.

In light of the anisotrophic strength characteristics of the saprolite, i.e., strength across
foliation greater than strength along foliation, the stability computations were modified to
approximate a weak passive toe where the circular arc might exit subparallel to, or along,
foliation. Foliation was conservatively postulated to strike parallel to the axis of the embankment
at this section and to dip to the north at 45 degrees. Where the secant of the arc made an angle
greater than or equal to 30 degrees to the horizontal, the strength along the arc length was reduced
to equal the saprolite’s strength parallel to foliation. Figure 6 is a schematic of the arc length used
to approximate exit of the circular arc along foliation planes of undrained strength (Sfol). Figure 7
shows the results of this analysis. The minimum factor of safety for the embankment has been
calculated for the safe shut-down earthquake maximum ground acceleration and for various ratios
of the saprolite’s undrained strength across foliation (SU) to its undrained strength along foliation
(Sfol). For SU = 2.0 ksf and Sfol = 1.0 ksf (Su/Sfol = 2.0), the minimum factor of safety for the
critical circle shown in Figure 5 is 1.20. Note that for large decreases in strength along foliation
(Su/Sfol = 10), the factor of safety of the embankment decreases only slightly.

In order to check the effect of a foundation of variable low density (measured in a portion of
SWR-13), a low-density zone hypothetically located in the most critical portion of the
embankment/foundation geometry was analyzed.

The minimum factor of safety has been calculated for the safe shutdown earthquake
maximum ground acceleration, for SU = 2.0 ksf, and for two values of SU/Sfol. When this ratio is
1.0, the factor of safety is 1.32 or 1.29 for densities of 121 and 100 pcf, respectively; when the
ratio is taken as 2.0, the corresponding factors of safety are 1.20 and 1.15. The results of this
analysis illustrate that stability of the embankment is not significantly altered by the assumed
lower unit weight.
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6. Conclusions

For the material properties and most critical embankment geometry, presented in Figure 2,
with (1) an undrained strength for the embankment of 2.0 ksf, (2) an undrained strength for the
foundation saprolite which fails across foliation of 2.0 ksf, and (3) an undrained strength for
saprolite failing along foliation of 1.0 ksf, the minimum FS under the SSE maximum ground
acceleration is 1.20. The use of avarious hypothetical combinations of saprolite weight or strength
across and along foliation does not significantly alter the results of this analysis or this minimum
factor of safety.

7. Undrained Shear Strength Measurements

Procedure

Measurements of the undrained shear strength of the embankment and foundation materials
were made almost entirely by means of unconsolidated-undrained triaxial compression tests. See
Figure 8 for graphical summaries. In these tests, each specimen was confined under the total
vertical overburden stress and axially loaded at a rate of strain less than 0.5% per minute and with
an elapsed time to maximum axial stress in excess of 10 minutes.

Comparative tests were performed at the start of the work on samples of embankment
material to determine whether trimming test specimens to a diameter smaller than that of the
extruded section would give different results from those obtained by testing the untrimmed
extruded sections. The results of four comparisons (Table 1 and Figure 9, Sheets 1-4) were
inconclusive; the proximity of the trimmed specimens to the top of the samples and the variability
of the material within some samples may have caused the conflicting comparisons. As a result, all
subsequent compression tests (except where specimens were trimmed at an angle to the axis of the
sample) were performed on the untrimmed extruded sections.

After a review of the results of all tests, the undrained shear strengths of both embankment
and foundation materials were taken as one-half the undrained compressive stresses at an axial
strain of 8%.

Embankment

A total of 13 undrained compression tests on the embankment material gave values of
undrained shear strength varying from a low of 2.06 kips/ft2 to a high of 4.22 kips/ft2, with an
average of 3.09 kips/ft2. These values contain no consideration of the possibility of sample
disturbance.

There may be a tendency for the strength to increase with depth in the embankment, but this
is not clear. The two samples (sample 6F (Figure 9 Sheet 5) from boring P-16 and sample 4F
(Figure 9 Sheet 6) from boring SWR-13) taken immediately above the interface with the
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foundation gave undrained shear strengths of 2.98 and 2.31 kips/ft2, respectively, both below the
average value.

As shown in Tables 1 through 6, the embankment material is completely saturated, with the
possible exception of material within a very few feet of the surface.

Because of the adequacy of these measured shear strengths and the relatively high densities
found in the embankment, no further strength testing was considered necessary.

Foundation

A total of 50 undrained compression tests were performed on samples of the foundation
material. However, very few of these can be considered to provide valid measurements of the
undrained shear strength of the foundation as applicable to the analysis of the dike stability. In the
southeastern section of the service water reservoir, where the dike has maximum height, the
foliation or banding in the saprolitic foundation material dips steeply from the downstream side
toward the upstream side. Any potential surface of sliding through the foundation must cut
through the planes of foliation, across both strong and weak layers, over most of its length; only
beyond the downstream toe of the dike would the upward curving surface of sliding approach the
inclination of the foliation and tend to follow a low-friction layer. It is extremely difficult to
measure the mass strength of the foundation material by means of compression tests. Since the
steeply inclined foliation (averaging about 50 degrees from the horizontal) is similarly inclined in
the samples from vertical borings, sliding along the low-friction foliation planes controls the
results of the compression tests. One boring (SWR-12) was oriented with a drip of 65 degrees
toward the southeast in an attempt to have the axis of the boring intersect the foliation at a right
angle. The attempt was not successful since (1) the foliation was found inclined to the axis of each
sample due to an unusually high dip of the foliation at this point or a local variation in the strike of
the foliation, and (2) the samples recovered from the angle boring were disturbed by this
procedure. Several 1.4-inch-diameter specimens were trimmed from samples taken in boring
SWR-12 at an angle to the axis of the sample in an attempt to improve the specimen orientation
with respect to the foliation; this work was discontinued once the disturbed character of these
samples had been established.

Many compression tests of the foundation material showed very high strengths, some
between 3 and 5 kips/ft2. High shear strengths were measured even when failure occurred by
sliding along planes of foliation. A study of the sample properties given in Tables 1 through 6
reveals the reason for these high strengths. Above the ground-water table, the saprolite has a
remarkably low degree of saturation, sometimes less than 70% under the completely saturated
embankment. None of these strengths of the partially saturated material are valid for a stability
analysis if it is conservatively assumed that the subsequent filling of the service water reservoir
will result in essentially complete saturation of this material.
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To verify the adequacy of the undrained shear strength of the partially saturated material
once it becomes saturated, a single consolidated-undrained triaxial compression test was
performed by Geotechnical Engineers, Inc., on sample 10B from boring P-15. The specimen was
consolidated under the effective vertical overburden stress and completely saturated by
backpressure. As shown in Figure 10, the undrained shear strength corresponding to 8% axial
strain was 5.91 kips/ft2. None of the strength tests of samples taken from boring SWR-12 can be
considered valid due to the very low deformation moduli of the stress-strain curves shown in
Figure 9, Sheets 8-12. These are all disturbed samples.

Of the remaining samples of completely saturated material, few were not affected by the
adversely inclined foliation. These include samples 21E, 22F, and 25E (Figure 9, Sheets 13-15)
from boring P-15 and samples 12E and 12F (Figure 9, Sheet 7) from boring P-17. The undrained
shear strengths of these five samples varied from 2.00 to 3.24 kips/ft2, with an average of
2.47 kips/ft2.

To verify that the mass shear strength of the saturated material is in excess of 2.0 kips/ft2,
two constant-volume (that is, consolidated-undrained) direct shear tests were performed. In this
test, a 2.5-inch-diameter by 1.0-inch high direct shear specimen is consolidated under a normal
stress equal to the effective vertical overburden stress and then sheared without further drainage
by varying the applied normal stress to maintain a constant specimen height. Since the axes of the
specimens are coincident with the axes of the samples, shearing is horizontal, thus cutting across
the steeply inclined foliation. The tests on sample 23D (Figure 11) from boring P-15 and
sample 12D (Figure 12) from boring SWR-13 gave undrained shear strengths of 2.86 and
2.17 kips/ft2, respectively, as shown in Figures 11 and 12. Sections from these two samples had
been previously tested in compression and both had failed by sliding on the steeply inclined
foliation.

Study of the results of compression tests on completely saturated foundation material where
failure was controlled by the foliation shows that the undrained shear strength in these cases
(without any correction for the inclination of the foliation) varied in 10 samples from 1.00 to
1.80 kips/ft2, with an average of 1.40 kips/ft2. These results indicate that an undrained shear
strength of at least 1.0 kips/ft2 could be used in a stability analysis along that portion of the
potential surface of sliding beyond the downstream toe that approaches the inclination of the
foliation.

ATTACHMENT 5 TO APPENDIX 3E REFERENCES

1. Stone & Webster Engineering Corporation, Geotechnical Report on Excavation,
Reinforcement, and Final Conditions of Foundation Rock, 1975.
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Figure 6 
SCHEMATIC OF POSTULATED WEAK PASSIVE TOE
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Figure 7 
SU VS. FACTOR OF SAFETY

SEISMIC STABILITY ANALYSIS
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Figure 8  (SHEET 1 OF 2)
UNDRAINED SHEAR STRENGTH VS. ELEVATION
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Figure 8  (SHEET 2 OF 2)
UNDRAINED SHEAR STRENGTH VS. ELEVATION

SERVICE WATER RESERVOIR
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Figure 9  (SHEET 1 OF 15)
UNDRAINED COMPRESSION TESTS

SERVICE WATER RESERVOIR
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Figure 9  (SHEET 2 OF 15)
UNDRAINED COMPRESSION TESTS

SERVICE WATER RESERVOIR
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Figure 9  (SHEET 3 OF 15)
UNDRAINED COMPRESSION TESTS
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Figure 9  (SHEET 4 OF 15)
UNDRAINED COMPRESSION TESTS
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Figure 9  (SHEET 5 OF 15)
UNDRAINED COMPRESSION TESTS
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Figure 9  (SHEET 6 OF 15)
UNDRAINED COMPRESSION TESTS
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Figure 9  (SHEET 7 OF 15)
UNDRAINED COMPRESSION TESTS
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Figure 9  (SHEET 8 OF 15)
UNDRAINED COMPRESSION TESTS
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Figure 9  (SHEET 9 OF 15)
UNDRAINED COMPRESSION TESTS
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Figure 9  (SHEET 10 OF 15)
UNDRAINED COMPRESSION TESTS
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Figure 9  (SHEET 11 OF 15)
UNDRAINED COMPRESSION TESTS
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Figure 9  (SHEET 12 OF 15)
UNDRAINED COMPRESSION TESTS

SERVICE WATER RESERVOIR
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Figure 9  (SHEET 13 OF 15)
UNDRAINED COMPRESSION TESTS
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Figure 9  (SHEET 14 OF 15)
UNDRAINED COMPRESSION TESTS
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Figure 9  (SHEET 15 OF 15)
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Figure 10 
CONSOLIDATED -UNDRAINED COMPRESSION TEST
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Figure 11 
CONSTANT - VOLUME DIRECT SHEAR TEST
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Figure 12 
CONSTANT - VOLUME DIRECT SHEAR TEST
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Appendix 3F1

Safety-Related Equipment Temperature Transients
During the Limiting Main Steam Line Break

1. Appendix 3F was submitted as Appendix 3C in the original FSAR.
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Appendix 3F
SAFETY-RELATED EQUIPMENT TEMPERATURE TRANSIENTS

DURING THE LIMITING MAIN STEAM LINE BREAK

3F.1 INTRODUCTION

The main steam line break assumed for this analysis is a double-ended rupture of a 30-inch
i.d. main steam pipe (4.9 ft2) inside the containment, upstream of the 16-inch i.d. flow constrictor
(1.4 ft2) with the reactor at 0% power (6.3 ft2 total break area). Failure of the nonreturn valve in
the broken main steam line is the single active failure.

The safety-related equipment temperature transients during the limiting main steam line
break have been reanalyzed using forced convection heat transfer coefficients as appropriate. The
forced convection coefficients used are based on a correlation of the form:

Nu = C(Re)n

where:

Nu = Nusselt number

Re = Reynolds number

C, n = empirical constants dependent on geometry

A conservative evaluation was ensured by making the following assumptions:

1. The maximum containment atmosphere velocity of 30 fps measured in the Carolinas Virginia
Tube Reactor simulated steam-line break tests (Reference 1) was used.

2. Low estimates of the diameters of the equipment yield increased calculated heat transfer
coefficients.

3. The equipment shape was modeled so that the correlation used tended to increase the value of
the coefficient, e.g., the pressure transmitters were considered as spheres instead of cylinders.

4. Thermal properties evaluated at a low mean film temperature increased the coefficient
because of the decrease in kinematic viscosity.

5. Containment atmosphere was considered to be 100% air since its thermal conductivity
exceeds that of steam.

Additional conservative assumptions are: no moisture carryover in the blowdown, and
revaporization of condensate into the highly superheated containment atmosphere.
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The effect of ignoring moisture carryover in the blowdown is to increase the maximum
containment temperature by 66°F. The combined effect of ignoring both the moisture carryover in
the blowdown and partial revaporization of condensate is to increase the maximum containment
temperature by 106°F. Thus, proper consideration of both effects yields a maximum containment
temperature of 336°F.

Table 3F-1 presents the values of the heat transfer coefficient used in the analysis. Hilpert’s
correlation (Reference 2) was used to describe forced flow over cylinders. A correlation for
spheres recommended by McAdams (Reference 2) was used for flow over irregular shapes, e.g.,
the Rosemount transmitters.

The empirical constants, C and n, are presented in Table 3F-2 for the various correlations.
Note in Table 3F-1 that the heat transfer coefficients for the Rosemount transmitters are greater,
and thus conservative, when their shapes are considered spherical rather than cylindrical.

The electrical cable containment penetrations were considered to experience natural
convection heat transfer only. The penetrations are housed in a nozzle assembly (see
Figure 3.8-13) that is sealed at its outside end (outside containment end). The only way the
electrical cable penetration could be exposed to the atmosphere would be for the atmosphere to
pass through the small annular gap between the penetration support plate and the nozzle. For
forced flow to be achieved, the flow would have to enter and exit through the same gap and the
nozzle. In addition, the electrical penetrations are located so that they could not realize direct
impingement from a broken main steam line. The following correlation for single horizontal wires
or pipes in free convection, as recommended by McAdams (Reference 2), was therefore used for
the electrical cable penetrations:

h = 0.53 k/D (Gr Pr)f
1/4

where:

h = natural convection heat transfer coefficient, Btu/hr-°F

Gr = Grashof number evaluated at the mean film temperature and a constant 
surface-to-atmosphere temperature difference of 300°F

Pr = Prandtl number at the mean film temperature

k = thermal conductivity at the mean film temperature, Btu/hr-ft-°F

D = diameter of cylinder, ft

The forcing functions for the equipment temperature transient, i.e., the containment dry
bulb and dewpoint transients, are obtained from the run shown in Figures 3F-13 and 3F-14. The
dry bulb temperature rises to 400°F in 13 seconds and remains above 400°F until the quench
spray becomes effective at 65 seconds. The quench spray rapidly removes the superheat and
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brings the atmosphere to a saturated condition at 85 seconds. Containment temperature at
85 seconds is 251°F. Subsequently, the atmosphere remains saturated and decreases in
temperature.

Portions of the main steam line break analysis were reperformed with the assumption of no
moisture entrainment in the steam released from the ruptured steam generator. The resulting
reanalysis was based on a bubble rise velocity in the steam generator of 25 fps instead of 9 fps.
The revised peak temperature was calculated to be 430°F, which was greater than the temperature
calculated using 9 fps bubble rise as shown in Figures 3F-13 and 3F-14. The revised peak
temperature is used in the containment environmental zone descriptions. Additional analysis has
been performed which used smaller pipe break sizes and allowed water mixing with steam exiting
the break. The resulting calculated peak containment temperature is lower than the value used for
the high energy line break analysis and is described in Section 6.2.1.3.1.3.

It is clear that under these assumptions the peak air temperature calculated for the limiting
main steam line break exceeds the containment atmosphere design temperature. However, it is
also clear that the temperatures of equipment in the containment will not rise this high, because as
long as the surface temperature is less than the dewpoint, condensate will cover the surface. Thus,
the surface temperature will be limited to the temperature of the condensate, which has a
maximum temperature equal to the dewpoint. The only way the surface temperature could exceed
the dewpoint would be by revaporization of the entire condensate layer; however, revaporization
of the entire layer is inconsistent with the zero revaporization assumption imposed by the NRC on
the limiting main steam line break analysis.

In fact, the results of the Westinghouse Environmental Qualification Testing Program
(Reference 3) demonstrate this very fact, namely, that the dewpoint rather than the dry bulb
temperature governs the equipment temperature transients. This behavior was observed for
periods of superheat as long as 10 minutes. (see Figure 1, Reference 3). The temperature of the
inner surface of the casing remained less than the dewpoint. In addition, it was observed that the
measured casing temperature was relatively insensitive to the amount of superheat (Figure 3,
Reference 3). The superheated transients varied from 5 to 60°F superheat (Figure 2, Reference 3).
Even though the test chamber temperature transients did not reach the peak value calculated for
the main steam line break, the time at superheated temperature greatly exceeds 2 minutes.

Despite the fact that dewpoint temperature governs the equipment temperature transient, as
demonstrated by Westinghouse, a heat transfer analysis is provided similar to one the NRC
approved on another application (Docket No. 50-528). The analysis shows that the small pieces of
equipment in the containment, which are required for postaccident monitoring, do not attain
temperatures exceeding those for which they have been qualified.
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3F.2 CALCULATIONAL MODEL

Condensing and convection heat transfer is modeled as a parallel process, i.e., both
processes occur simultaneously on the same surface area. Condensing heat transfer is based on the
temperature difference between the containment atmosphere dewpoint and the equipment surface.
In addition, convective heat transfer is assumed, and is based on the temperature difference
between the containment atmosphere dry bulb and the equipment surface. The dry bulb and
dewpoint temperature transients are obtained from the limiting main steam line break containment
analysis. The condensing coefficient is conservatively held constant at 500 Btu/hr-ft3-°F (four
times the maximum Uchida value from the limiting main steam line break containment analysis).
The convective coefficients were taken from Table 3F-2. Table 3F-3 presents the thermal
properties of the materials.

The transient and spatial calculation of the temperature of the safety-related equipment is
based on the LOCTIC heat transfer model. LOCTIC uses the general numerical method of
Dusinberre.

The technique used to conservatively calculate the temperature response of the equipment
is, first, to thermally model the equipment interior to maximize the surface temperature, and then
to consider the surface temperature to be representative of the entire equipment. Thus,
conservatism is ensured because the most temperature-sensitive components are located within
the interior, but the internal temperatures are less than the surface values since the transfer is
directed inwards.

3F.3 SAFETY-RELATED EQUIPMENT

Table 3F-4 lists all the equipment required for a main steam line break, the manufacturer of
the equipment, and a bibliography of the qualification information. Tables 3F-4 and 3F-5 include
equipment analyzed during the initial analysis and equipment added since the original analysis.
The equipment added refers to the appropriate qualification documents.

Table 3F-5 presents a representative list of safety-related equipment inside containment
required for a main steam line break. The table also references the drawings that describe the
safety-related equipment, and the figures that indicate the modeling arrangement for the heat
transfer analysis.

It should be noted that the 4/c #16 BIW instrumentation cable, not the 2/c #16 BIW cable,
now represents the most limiting instrumentation cable. This is a consequence of a slightly
smaller neoprene jacket and a slightly larger convection heat transfer coefficient. Figures 3F-1
and 3F-2 present the cross-sectional drawing and the slab model, respectively, of the 2/c #16 BIW
cable.
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The surface temperature transients of the safety-related equipment are presented in
Figure 3F-3. The containment atmosphere dry bulb (TDB) and dewpoint (TDP) temperature
transients are also presented. The surface temperatures represent the maximum temperature of the
equipment. Internal temperatures are less in every case, and much less for those cases that have an
air gap within the interior.

All transients except the electrical cable transients indicate that the dewpoint temperature
governs the equipment temperature transient (the condensing heat transfer process dominates).
The surface temperature increases rapidly while experiencing condensing heat transfer, i.e., when
less than TDP. As the difference between the dewpoint and surface temperature diminishes,
condensing heat transfer diminishes, and the surface temperature approaches the dewpoint
temperature more slowly.

When the surface temperature exceeds the dewpoint (only the check valve surface
temperature does not rise above the dewpoint) because of the assumed convection heat transfer
and the decreasing dewpoint temperature, condensation heat transfer is discontinued. After this
time, the convective heat transfer is attenuated because the dry bulb temperature is decreasing,
and the remaining time at superheated conditions is short.

The electrical cables respond rapidly to the superheated atmosphere and achieve their peak
surface temperature at the time of spray initiation. The cables are more sensitive to the
superheated atmosphere because of their insulator properties (small heat capacity and thermal
conductivity), smaller size, and larger convective heat transfer coefficients. References 4
through 12, 21, and 22 demonstrate that the electrical cables are qualified for temperatures
postulated for a main steam line break.

Table 3F-6 lists the maximum calculated surface temperature of the safety-related
equipment determined during the initial evaluation. References to Qualification Documentation
Reviews (QDR) reflect subsequent evaluations.

Neither the equipment identified in Reference 3 as being available to provide a “defense in
depth” for the limiting main steam line break and for monitoring after the postulated accident, nor
the remainder of the equipment listed in Table 3F-5, are directly impinged upon by jets emanating
from the breaks in the main steam line.

This conclusion is the result of a detailed analysis that included an inspection of the
“as-built” locations of all components necessary for a particular function. The location of
qualified instrumentation and equipment is shown in Figure 3F-4 and in Table 3F-7.

A review of the constituents of the containment atmosphere after a postulated main steam
line break and after a LOCA indicates no constituent that would affect the heat transfer analysis.
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3F.4 RESULTS

The figures indicate that the dewpoint temperature governs the equipment temperature
transient (the condensing heat transfer process dominated). The surface temperature increases
rapidly while experiencing condensing heat transfer, i.e., when less than TDP. As the dewpoint
surface temperature difference diminishes, condensing heat transfer diminishes, and the surface
temperature approaches the dewpoint temperature more slowly.

All equipment listed in Table 3F-6 and detailed in Table 3F-4 have been qualified by
environmental test, with analysis as appropriate.

In the case of the positive closure check valves, the only material contained in the check
valves that is temperature-sensitive is the ethylene propylene seat material. Manufacturers’ test
reports (Reference 13) performed in accordance with the applicable ASTM specifications indicate
no degradation of this material at temperatures as high as 350°F in continuous oil quench testing.

As a result of the environmental tests performed, it has been established that the equipment
tested will perform in the containment environment after a main steam line break incident. These
tests are very conservative, for two reasons:

1. The calculated main steam line break transient temperatures and pressures derived are very
conservative.

2. The equipment that was qualified in conjunction with the calculated peak surface
temperatures determined by the methods described above was held at those peak calculated
temperatures for time periods more than sufficient to ensure that temperatures were seen
throughout the equipment, as indicated in the references tabulated in Table 3F-4. The tested
equipment functioned after the test or, in some cases, examination of the equipment in detail
showed no degradation or damage that would impair the function of the equipment during or
after the main steam line break transient.

Table 3F-8 lists Class 1E BOP equipment, provides a comparison of room and equipment
rating temperatures, and outlines plans for temperature monitoring in certain areas.

Table 3F-6 lists the maximum calculated surface temperature of the safety-related
equipment determined during the initial evaluation. References to Qualification Documentation
Reviews (QDR) reflect subsequent evaluations.

3F REFERENCES

1. R. C. Schmitt, ETAL Simulated Design Basis Accident Tests of the Carolinas Virginia Tube
Reactor Containment, Final Report IN 1403, December 1970.
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2. F. Keith, Principles of Heat Transfer, International Textbook Company, Scranton,
Pennsylvania, 1965.

3. Letter to Mr. B. C. Rusche, Director, Office of Nuclear Reactor Regulation, USNRC, from
Mr. C. M. Stallings, Vice President, Power Supply and Production Operations, Virginia
Electric and Power Company (with attachment, Environmental Qualification of Westinghouse
NSSS Scope Safety-Related Instrumentation for North Anna Units 1 and 2), Serial No. 249,
dated September 20, 1976.

4. QDR-N-6.1, Boston Insulated Wire & Cable Company 300V Instrument.

5. QDR-N-6.2, The Rockbestos (Cerro) Company Cable (XLPE).

6. QDR-N-6.3, High Temperature Silicone Rubber Insulated Cable - The Rockbestos (Cerro)
Company.

7. QDR-N-6.5, Power Cable, General Cable Company.

8. QDR-N-6.7, The Okonite Company, 600V Power Cable.

9. QDR-N-6.8, The Okonite Company, 600V Cable.

10. QDR-N-6.10, Anaconda-Ericsson, 300V & 600V Cable.

11. QDR-N-6.11, Raychem Corporation Cable, 300V Instrument.

12. QDR-N-6.13, Brand Rex Company, 300V & 600V Cable.

13. Seal Material for Nuclear Reactors, November 26, 1975. Submitted to the NRC in Vepco
letter, Serial No. 100A/020177, April 25, 1977.

14. The Chemical Rubber Company, Handbook of Chemistry and Physics, 44th Edition, 1962.

15. QDR-N-15.1, Conax Corporation, Electrical Penetrations.

16. QDR-N-15.4, Conax Corporation, Electrical Penetrations.

17. QDR-N-8.5, Rosemount Transmitters, 1153D.

18. QDR-N-4.4, General Electric Inside Recirculation Spray Pump Motor.

19. QDR-N-8.24, Weed Instrument Company, Resistance Temperature Detectors.

20. QDR-N-8.26, Rosemount Transmitter, 1153H.

21. QDR-N-6.17, General Electric - Vulkene XLPE 600V Wire.

22. QDR-N-6.19, Rockbestos - Radiation Resistant Silicone 600V Cable.

23. QDR-N-6.16, Core Exit Thermocouple System.

24. QDR-N-8.9, Minco RTD.
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Table 3F-1
HEAT TRANSFER COEFFICIENTS

Item

Outside
Diameter

(ft)

Heat Transfer
Coefficient

(Btu/hr-ft2-°F) Correlation

Rosemount pressure transmitter 0.375
0.375

6.4
11.3

Cylinder
Sphere

Containment recirculation pump motor  2.25 4.7 Cylinder

Containment isolation check valve  0.792  5.8 Cylinder

Electrical power cable 0.111 10.3 Cylinder

Electrical instrumentation cable  0.0286 17.7 Cylinder

Item

Slab
Thickness

(in)

Heat Transfer
Coefficient

(Btu/hr-ft2-°F) Correlation

Containment electrical penetrations  0.0625  2.0 Natural
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Table 3F-2
FORCED CONVECTION HEAT TRANSFER COEFFICIENT CORRELATIONS

Shape C n Re Reference

Cylindera 0.891 0.330 0.4 — 4 Ref. 2, p. 411

0.821 0.385 4 — 40

0.615 0.466 40 — 4000

0.174 0.618 4000 — 4 × 104

0.0239 0.805 4 × 104 — 4 × 105

Sphereb 0.37 0.6 25 — 105 Ref. 2, p. 414

a. Re based on mean film temperature.

b. Re based on dynamic viscosity at mean film temperature, density at 
containment atmosphere temperature.
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Table 3F-3
MATERIAL THERMAL PROPERTIES

Thermal Properties a

Material

Thermal
Conductivity

(Btu/hr-ft2-°F)
Specific Heat
(Btu/lbm-°F) Density (lbm/ft3)

SS-304 9.4 0.11 488.

Polysulfone (penetration seal) 0.1 0.24 77.4

Cast iron 28.3 0.10 455.

Mica b (winding insulation) 0.087 0.25 36.

Copper 218. 0.0914 558.

Fiberglass b (circuit board) 0.087 0.25 36.

Ethylene propylene (valve seat) 0.14 0.35 53.7

Asbestos 0.087 0.25 36.

Cross-linked polyethylene 0.144 1.0 62.4

Neoprene 0.116 0.4 75.

Silicone b 0.087 0.25 36.

a. Thermal properties obtained from vendor data and References 2 and 14.
b. Conservatively assumed thermal properties of asbestos for maximum surface temperature.
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Table 3F-5
SAFETY-RELATED EQUIPMENT INSIDE CONTAINMENT

REQUIRED FOR A MAIN STEAM LINE BREAK

Item Drawing Model

Rosemount pressure transmitter See Figure 3F-5 See Figure 3F-6

Containment recirculation pump motor See Figure 3F-7 See Figure 3F-8

Containment isolation check valve 8" - 150 # Atwood & Morrell Co. See Figure 3F-9

Electrical power cable See Figure 3F-10 See Figure 3F-11

Electrical instrumentation cable See Figure 3F-1 See Figure 3F-2

Electrical containment penetration See Figure 3.8-13 See Figure 3F-12
 



Revision 43—09/27/07 NAPS UFSAR 3F-14
Table 3F-6
COMPARISON OF THE MAXIMUM CALCULATED SURFACE TEMPERATURES OF THE 

SAFETY-RELATED EQUIPMENT WITH THEIR RESPECTIVE QUALIFICATION 
TEMPERATURES

Item
Max. Calc.Surface

Temp. (°F)
Qualification

Temperature a(°F)

Rosemount pressure transmitter b 264 See QDR-N-8.5

Containment recirculation pump motor 261 See QDR-N-4.4

Containment isolation check valve 236 280

Electrical power cable 335 See QDR-N-6.3

Electrical instrumentation cable 343 See QDR-N-6.1

Containment electrical penetrations 275 See QDR-N-15.1 
& N-15.4

Core exit thermocouples See QDR-N-6.16 See QDR-N-6.16

Reactor vessel level indication system See QDR-N-8.9 See QDR-N-8.9

a. The maximum calculated surface temperature of the safety-related equipment was 
determined during the initial evaluation. References to Qualification Documentation Reviews 
(QDR) reflect subsequent evaluations.

b. The maximum calculated surface and qualification temperatures also apply to the Rosemount 
steam flow and steam generator narrow range level transmitters.
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Table 3F-7  (SHEET 1 OF 2)
LOCATION OF QUALIFIED EQUIPMENT

Location

Component Figure No. Identification No.a

Pressurizer pressure transmitter

Channel 1  3F-4 1

Channel 2  3F-4 2

Channel 3  3F-4 3

Pressurizer level transmitter

Channel 1 3F-4 1

Channel 2 3F-4 2

Channel 3 3F-4 3

Steam flow transmitter

Channel 1 3F-4 4

Channel 2 3F-4 5

RCS temperature detector

Loop A 3F-4 6

Loop B 3F-4 7

Loop C 3F-4 8

Steam generator level

Loop A, Channel 1 3F-4 11

Channel 2 3F-4 12

Channel 3 3F-4 13

Loop B, Channel 1 3F-4 14

Channel 2 3F-4 15

Channel 3 3F-4 16

Loop C, Channel 1 3F-4 17

Channel 2 3F-4 18

Channel 3 3F-4 19

RCS pressure transmitter

Channel 1 3F-4 20

Channel 2 3F-4 22

a. Number shown on Figures 3F-4.
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Recirculation spray pump

motors 3F-4 21

Electrical penetrations 3F-4 23

Containment isolation check valve 3F-4 24

Core exit thermocouples 3F-4 25

RVLIS RTDs 3F-4 b

a. Number shown on Figures 3F-4.
b. The RVLIS RTDs are located in multiple locations throughout the 

containment and therefore are not shown on the figures.

Table 3F-7  (SHEET 2 OF 2)
LOCATION OF QUALIFIED EQUIPMENT

Location

Component Figure No. Identification No.a
 



Revision 43—09/27/07 NAPS UFSAR 3F-17
 

Ta
bl

e 
3F

-8
E

N
V

IR
O

N
M

E
N

T
A

L
 T

E
M

PE
R

A
T

U
R

E
 E

V
A

L
U

A
T

IO
N

S 
FO

R
 C

L
A

SS
 1

E
 B

O
P 

E
Q

U
IP

M
E

N
T

Te
m

pe
ra

tu
re

b ,c

E
xt

re
m

es
(°

F)
E

qu
ip

m
en

t
R

at
in

g
(°

F)
Pr

op
os

ed
d

Te
m

pe
ra

tu
re

M
on

ito
ri

ng
R

ef
er

en
ce

St
an

da
rd

/C
om

m
en

ts
E

qu
ip

m
en

t I
de

nt
if

ic
at

io
n

L
oc

at
io

n
V

en
til

at
io

n
Sy

st
em

sa
M

in
.

/
M

ax
.

M
in

./
M

ax

A
ux

. c
on

tr
ol

 a
nd

 r
el

ay
 

pa
ne

ls
M

ai
n 

co
nt

ro
l r

oo
m

E
m

er
ge

nc
y 

sw
gr

. r
m

.
In

st
r. 

ra
ck

 r
oo

m

A A A

70 70 70

80 85 85

- - -

10
4

10
4

10
4

N
o

N
o

N
o

A
N

SI
 C

19
.3

 1
97

3
Se

ct
io

n 
3-

2.
3

E
le

c.
 p

en
et

ra
tio

ns
C

ab
le

 tu
nn

el
C

70
12

0
50

28
0

N
o

IE
E

E
-3

17
 (

19
71

)e

Pr
es

su
ri

ze
r 

he
at

er
 c

on
tr

ol
R

od
 d

ri
ve

 r
oo

m
B

70
12

0
32

12
0

N
o

N
E

M
A

 I
C

S 
(1

97
4)

 
Se

ct
io

n 
1-

10
8.

01

4-
K

V
 s

w
itc

hg
ea

r
E

m
er

. s
w

gr
. r

oo
m

A
70

85
-2

2
10

4
N

o
A

N
SI

 C
37

.2
0 

(1
97

4)
 

Se
ct

io
n 

31
 w

/h
tr

s.

48
0V

 s
w

itc
hg

ea
r

E
m

er
. s

w
gr

. r
oo

m
R

od
 d

ri
ve

 r
oo

m
A B

70 70
85 12

0
-2

2
-2

2
10

4
13

3h
N

o
N

o
A

N
SI

 C
37

.2
0 

(1
97

4)
Se

ct
io

n 
3.

1

4-
K

V
 m

ot
or

s
A

ux
. f

ee
dw

at
er

 
pu

m
p 

ho
us

e
A

ux
. b

ld
g.

B B
50 50

10
4

12
0

50 50
10

4
12

2
Y

es N
o

N
E

M
A

 M
G

-2
 (

19
73

) 
Se

ct
io

n 
3.

07
 w

/h
tr

s.

M
ot

or
 c

on
tr

ol
 c

en
te

rs
E

m
er

. s
w

gr
. r

oo
m

C
ab

le
 tu

nn
el

E
m

er
. d

ie
se

l r
oo

m
s

SW
PH

A C C B

70 70 70 70

85 12
0

12
0

12
0

32 32 32 32

10
4

12
0

12
0

12
0

N
o

N
o

N
o

N
o

N
E

M
A

 I
C

S 
(1

97
4)

 
Se

ct
io

n 
1-

10
8.

01

E
m

er
. d

ie
se

l g
en

er
at

or
E

m
er

. d
ie

se
l r

oo
m

C
70

12
0

32
12

0
N

o
(f

)

M
ai

n 
co

nt
ro

l b
oa

rd
M

ai
n 

co
nt

ro
l r

oo
m

A
70

80
-

10
4

N
o

A
N

SI
 C

19
.3

 (
19

73
) 

Se
ct

io
n 

3-
2.

3

N
ot

e:
 S

ee
 la

st
 p

ag
e 

of
 T

ab
le

 3
F-

8 
fo

r 
fo

ot
no

te
s.



Revision 43—09/27/07 NAPS UFSAR 3F-18
 

B
at

te
ri

es
E

m
er

. s
w

gr
. r

oo
m

C
ab

le
 s

pr
ea

di
ng

 
ro

om

D
g

D
g

70 70
85 85

60 60
85 85

N
o

N
o

M
an

uf
ac

tu
re

r’
s 

ra
tin

g

B
at

te
ry

 c
ha

rg
er

E
m

er
. s

w
gr

. r
oo

m
A

70
85

32
11

3
N

o
M

an
uf

ac
tu

re
r’

s 
ra

tin
g

12
5V

 d
c 

di
st

r. 
pa

ne
l

E
m

er
. s

w
gr

. r
oo

m
M

ai
n 

co
nt

ro
l r

oo
m

A A
70 70

85 80
32 32

10
4

10
4

N
o

N
o

N
E

M
A

 A
B

-1
 (

19
75

) 
Se

ct
io

n 
2.

04

G
E

 r
el

ay
s

M
ai

n 
co

nt
ro

l r
oo

m
E

m
er

. s
w

gr
 r

oo
m

A A
70 70

80 85
-4 -4

13
1

13
1

N
o

N
o

C
37

.9
0 

(1
97

1)
 

Se
ct

io
n 

6.
1.

1

W
es

tin
gh

ou
se

 r
el

ay
s

M
ai

n 
co

nt
ro

l r
oo

m
E

m
er

. s
w

gr
. r

oo
m

A A
70 70

80 85
-4 -4

13
1

13
1

N
o

N
o

C
37

.9
0 

(1
97

1)
 

Se
ct

io
n 

6.
1.

1

In
ve

rt
er

s
E

m
er

. s
w

gr
. r

oo
m

A
70

85
32

12
5

N
o

M
an

uf
ac

tu
re

r’
s 

ra
tin

g
N

o 
ap

pa
re

nt
 s

ta
nd

ar
d

A
c 

di
st

r. 
pa

ne
ls

M
ai

n 
co

nt
ro

l r
oo

m
ro

d 
dr

iv
e 

ro
om

A B
70 70

80 12
0

32 32
10

4
14

0
N

o
N

o
N

E
M

A
 A

B
-1

 (
19

75
) 

Se
ct

io
n 

2.
04

Se
rv

ic
e 

w
at

er
 p

um
ps

SW
PH

B
70

12
0

32
15

8
N

o
M

an
uf

ac
tu

re
r’

s r
at

in
g 

N
E

M
A

 M
G

-2
 

Se
ct

io
n 

3.
07

T
ra

ve
lin

g 
w

at
er

 s
cr

ee
ns

SW
PH

B
70

12
0

32
10

4
Y

es
M

an
uf

ac
tu

re
r’

s r
at

in
g 

N
E

M
A

 M
G

-2
 

Se
ct

io
n 

3.
07

N
ot

e:
 S

ee
 la

st
 p

ag
e 

of
 T

ab
le

 3
F-

8 
fo

r 
fo

ot
no

te
s.

Ta
bl

e 
3F

-8
 (

co
nt

in
ue

d)
 

E
N

V
IR

O
N

M
E

N
T

A
L

 T
E

M
PE

R
A

T
U

R
E

 E
V

A
L

U
A

T
IO

N
S 

FO
R

 C
L

A
SS

 1
E

 B
O

P 
E

Q
U

IP
M

E
N

T

Te
m

pe
ra

tu
re

b ,c

E
xt

re
m

es
(°

F)
E

qu
ip

m
en

t
R

at
in

g
(°

F)
Pr

op
os

ed
d

Te
m

pe
ra

tu
re

M
on

ito
ri

ng
R

ef
er

en
ce

St
an

da
rd

/C
om

m
en

ts
E

qu
ip

m
en

t I
de

nt
if

ic
at

io
n

L
oc

at
io

n
V

en
til

at
io

n
Sy

st
em

sa
M

in
.

/
M

ax
.

M
in

./
M

ax



Revision 43—09/27/07 NAPS UFSAR 3F-19
 

Se
rv

ic
e 

w
at

er
 v

en
til

at
io

n
SW

PH
B

70
12

0
32

12
0

N
o

M
an

uf
ac

tu
re

r’
s r

at
in

g 
N

E
M

A
 M

G
-2

 
Se

ct
io

n 
3.

07

O
ut

si
de

 r
ec

ir.
 s

pr
ay

Sa
fe

gu
ar

ds
 a

re
a

B
70

12
0

50
15

8
N

o
M

an
uf

ac
tu

re
r’

s r
at

in
g 

N
E

M
A

 M
G

-2
 3

.0
7 

w
/h

tr
s.

In
st

r. 
ai

r 
co

m
pr

es
so

rs
A

ux
. b

ld
g.

B
50

12
0

32
12

2
N

o
N

E
M

A
 M

G
-2

 3
.0

7

Q
ue

nc
h 

sp
ra

y
Q

ue
nc

h 
sp

ra
y 

ho
us

e
C

70
12

0
32

12
2

N
o

M
an

uf
ac

tu
re

r’
s r

at
in

g 
N

E
M

A
 M

G
-2

 3
.0

7

R
ef

ri
ge

ra
tio

n 
eq

ui
pm

en
t

C
hi

lle
r 

ro
om

s
D

70
10

4
32

10
4

N
o

N
E

M
A

 M
G

-2
 (

19
73

) 
Se

ct
io

n 
3.

07

C
on

tr
ol

 r
oo

m
 v

en
t.

C
on

tr
ol

 a
nd

 a
c 

ro
om

s
A

70
80

32
10

4
N

o
N

E
M

A
 M

G
-2

 (
19

73
) 

Se
ct

io
n 

3.
07

H
ea

t t
ra

ci
ng

 c
on

tr
ol

A
ux

. b
ld

g.
C

50
12

0
40

12
0

N
o

M
an

uf
ac

tu
re

r’
s 

ra
tin

g

A
ux

. b
ld

g.
 c

en
tr

al
ex

 f
an

s
A

ux
. b

ld
g.

B
50

12
0

-
14

9
N

o
M

an
uf

ac
tu

re
r’

s 
ra

tin
g

Po
st

-D
B

A
 r

ec
om

bi
ne

r
R

ec
om

bi
ne

r 
va

ul
t

B
15

12
0

-
19

4
N

o
M

an
uf

ac
tu

re
r’

s 
ra

tin
g

D
ie

se
l e

xh
au

st
 f

an
E

m
er

. d
ie

se
l r

oo
m

C
70

10
4

32
12

0
N

o
N

E
M

A
 M

G
-2

 3
.0

7

E
m

er
. d

ie
se

l f
ue

l-
oi

l 
tr

an
sf

er
 p

um
p

Fu
el

-o
il 

pu
m

p 
ho

us
e

C
15

10
4

32
16

7
N

o
N

E
M

A
 M

G
-2

 3
.0

7

Sa
fe

gu
ar

ds
 a

re
a 

ex
ha

us
t

A
ux

. b
ld

g.
B

50
12

0
32

12
2

N
o

N
E

M
A

 M
G

-2
 3

.0
7 

(1
97

3)

N
ot

e:
 S

ee
 la

st
 p

ag
e 

of
 T

ab
le

 3
F-

8 
fo

r 
fo

ot
no

te
s.

Ta
bl

e 
3F

-8
 (

co
nt

in
ue

d)
 

E
N

V
IR

O
N

M
E

N
T

A
L

 T
E

M
PE

R
A

T
U

R
E

 E
V

A
L

U
A

T
IO

N
S 

FO
R

 C
L

A
SS

 1
E

 B
O

P 
E

Q
U

IP
M

E
N

T

Te
m

pe
ra

tu
re

b ,c

E
xt

re
m

es
(°

F)
E

qu
ip

m
en

t
R

at
in

g
(°

F)
Pr

op
os

ed
d

Te
m

pe
ra

tu
re

M
on

ito
ri

ng
R

ef
er

en
ce

St
an

da
rd

/C
om

m
en

ts
E

qu
ip

m
en

t I
de

nt
if

ic
at

io
n

L
oc

at
io

n
V

en
til

at
io

n
Sy

st
em

sa
M

in
.

/
M

ax
.

M
in

./
M

ax



Revision 43—09/27/07 NAPS UFSAR 3F-20
 

Sp
en

t-
fu

el
 c

oo
lin

g 
pu

m
ps

Fu
el

 b
ui

ld
in

g
C

70
12

0
32

12
2

N
o

M
an

uf
ac

tu
re

r’
s 

ra
tin

g

E
m

er
. s

w
gr

. a
c

A
c 

eq
ui

p.
 r

oo
m

A
70

85
32

10
4

N
o

N
E

M
A

 M
G

-2
Se

ct
io

n 
3.

07
 (

19
73

)

C
hi

lle
r 

ro
om

 s
um

p 
pu

m
p

C
hi

lle
r 

ro
om

D
70

10
4

32
10

4
N

o
N

E
M

A
 M

G
-2

 
Se

ct
io

n 
3.

07
 (

19
73

)

B
at

te
ry

 r
oo

m
 f

an
s

E
m

er
. s

w
gr

. r
oo

m
A

70
85

32
10

4
N

o
N

E
M

A
 M

G
-2

 
Se

ct
io

n 
3.

07
 (

19
73

)

R
ad

ia
tio

n 
m

on
ito

rs
M

ai
n 

st
ea

m
 v

al
ve

 
ho

us
e 

C
40

12
0

32
12

0
N

o
M

an
uf

ac
tu

re
r’

s 
ra

tin
g

SW
 m

ot
or

op
er

at
or

s
SW

PH
In

ta
ke

 s
tr

uc
tu

re
B B

70 70
12

0
12

0
32 32

12
2

12
2

N
o

N
o

M
an

uf
ac

tu
re

r’
s r

at
in

g 
Q

ua
lif

ie
d 

to
 I

E
E

E
 

38
2-

19
72

A
ux

. b
ld

g.
M

ai
n 

st
ea

m
 v

al
ve

 
ho

us
e

C C
50 40

12
0

12
0

32 32
12

2
12

2
N

o
N

o

N
ot

e:
 S

ee
 la

st
 p

ag
e 

of
 T

ab
le

 3
F-

8 
fo

r 
fo

ot
no

te
s.

a.
A

ir
 c

on
di

tio
ni

ng
 a

nd
 v

en
til

at
io

n 
sy

st
em

s:

A
. C

la
ss

 1
E

 r
ed

un
da

nt
 a

ir
 c

on
di

ti
on

in
g 

sy
st

em
s.

B
. C

la
ss

 1
E

 r
ed

un
da

nt
 v

en
til

at
io

n 
sy

st
em

s.

C
. N

or
m

al
ly

 p
ow

er
ed

 s
in

gl
e 

tr
ai

n 
ve

nt
ila

ti
on

 s
ys

te
m

.

D
. C

la
ss

 1
E

 p
ow

er
ed

 s
in

gl
e 

tr
ai

n 
ve

nt
il

at
io

n 
sy

st
em

.

Ta
bl

e 
3F

-8
 (

co
nt

in
ue

d)
 

E
N

V
IR

O
N

M
E

N
T

A
L

 T
E

M
PE

R
A

T
U

R
E

 E
V

A
L

U
A

T
IO

N
S 

FO
R

 C
L

A
SS

 1
E

 B
O

P 
E

Q
U

IP
M

E
N

T

Te
m

pe
ra

tu
re

b ,c

E
xt

re
m

es
(°

F)
E

qu
ip

m
en

t
R

at
in

g
(°

F)
Pr

op
os

ed
d

Te
m

pe
ra

tu
re

M
on

ito
ri

ng
R

ef
er

en
ce

St
an

da
rd

/C
om

m
en

ts
E

qu
ip

m
en

t I
de

nt
if

ic
at

io
n

L
oc

at
io

n
V

en
til

at
io

n
Sy

st
em

sa
M

in
.

/
M

ax
.

M
in

./
M

ax



Revision 43—09/27/07 NAPS UFSAR 3F-21
 

b.
 T

he
 m

ax
im

um
 a

nd
 m

in
im

um
 te

m
pe

ra
tu

re
s 

fo
r 

a 
gi

ve
n 

ar
ea

 o
f 

th
e 

pl
an

t w
er

e 
ba

se
d 

on
 th

e 
fo

llo
w

in
g 

as
su

m
pt

io
ns

:

1.
 T

ho
se

 a
re

as
 s

er
ve

d 
by

 r
ed

un
da

nt
 C

la
ss

 1
E

 p
ow

er
ed

 a
ir

 c
on

di
ti

on
in

g 
sy

st
em

s 
co

nt
in

ue
 to

 o
pe

ra
te

 a
t t

he
 n

or
m

al
 c

on
tr

ol
 te

m
pe

ra
tu

re
s 

fo
r 

th
e 

ai
r 

co
nd

iti
on

in
g 

sy
st

em
.

2.
 T

ho
se

 a
re

as
 s

er
ve

d 
by

 C
la

ss
 1

E
 r

ed
un

da
nt

 v
en

til
at

io
n 

sy
st

em
s 

as
su

m
e 

th
e 

lo
ss

 o
f 

on
e 

tr
ai

n 
of

 v
en

ti
la

tio
n 

an
d 

th
e 

de
si

gn
 c

lim
at

ic
 c

on
di

ti
on

s 
fo

r 
th

e 
si

te
.

3.
 T

ho
se

 a
re

as
 s

er
ve

d 
by

 n
or

m
al

ly
 p

ow
er

ed
 s

in
gl

e 
tr

ai
n 

ve
nt

ila
ti

on
 s

ys
te

m
s 

or
 C

la
ss

 1
E

 p
ow

er
ed

 s
in

gl
e 

tr
ai

n 
ve

nt
il

at
io

n 
sy

st
em

s 
as

su
m

e 
a 

lo
ss

 o
f 

po
w

er
ed

 
ve

nt
il

at
io

n 
in

 th
os

e 
ar

ea
s.

4.
 A

ll 
ca

lc
ul

at
io

ns
 f

or
 m

ax
im

um
 te

m
pe

ra
tu

re
s 

as
su

m
e 

no
rm

al
 r

un
ni

ng
 m

ac
hi

ne
ry

 a
nd

 th
e 

as
so

ci
at

ed
 h

ea
t l

oa
d 

fr
om

 th
at

 m
ac

hi
ne

ry
 d

ur
in

g 
th

e 
ve

nt
il

at
io

n 
fa

ilu
re

.

5.
 S

it
e 

de
si

gn
 c

lim
at

ic
 c

on
di

ti
on

s 
w

er
e 

ob
ta

in
ed

 f
ro

m
 A

SH
R

A
E

, H
an

db
oo

k 
of

 F
un

da
m

en
ta

ls
, 1

97
2 

E
di

ti
on

, T
ab

le
 o

f 
C

lim
at

ic
 C

on
di

ti
on

s 
fo

r 
th

e 
U

ni
te

d 
St

at
es

 a
nd

 C
an

ad
a 

(R
ic

hm
on

d,
 V

ir
gi

ni
a 

da
ta

).

c.
A

ll
 h

ea
ti

ng
 s

ys
te

m
s 

ar
e 

co
ns

id
er

ed
 n

on
se

is
m

ic
, n

on
-s

af
et

y-
re

la
te

d 
si

ng
le

 tr
ai

n 
sy

st
em

s 
an

d,
 f

or
 a

ll
 te

m
pe

ra
tu

re
 e

xt
re

m
es

 li
st

ed
 in

 th
e 

ta
bl

e,
 th

e 
he

at
in

g 
sy

st
em

 is
 c

on
si

de
re

d 
to

 f
ai

l;
 h

ow
ev

er
, v

en
til

at
io

n 
sy

st
em

s 
eq

ui
pp

ed
 w

ith
 m

in
im

um
 te

m
pe

ra
tu

re
 th

er
m

os
ta

ti
c 

co
nt

ro
ls

 w
er

e 
as

su
m

ed
 to

 o
pe

ra
te

, a
nd

 th
e 

m
in

im
um

 te
m

pe
ra

tu
re

s 
li

st
ed

 h
av

e 
be

en
 c

al
cu

la
te

d 
co

ns
id

er
in

g 
no

rm
al

 h
ea

t l
os

s 
fr

om
 th

e 
ar

ea
 a

nd
 h

ea
t g

en
er

at
ed

 b
y 

th
e 

eq
ui

pm
en

t. 
In

 th
os

e 
ca

se
s 

w
he

re
 n

or
m

al
ly

 r
un

ni
ng

 e
qu

ip
m

en
t i

s 
no

t f
ou

nd
 in

 a
 g

iv
en

 a
re

a,
 e

.g
., 

hy
dr

og
en

 r
ec

om
bi

ne
r 

va
ul

t, 
th

e 
m

in
im

um
 te

m
pe

ra
tu

re
s 

li
st

ed
 b

y 
A

SH
R

A
E

 h
av

e 
be

en
 u

se
d.

d.
T

he
 p

ro
po

se
d 

ar
ea

 a
m

bi
en

t t
em

pe
ra

tu
re

 m
on

ito
rs

 in
 th

e 
lo

ca
ti

on
s 

id
en

ti
fi

ed
 in

 th
e 

ta
bl

e 
w

il
l a

la
rm

 to
 in

fo
rm

 th
e 

op
er

at
or

 w
he

n 
an

 a
bn

or
m

al
 

te
m

pe
ra

tu
re

 is
 o

cc
ur

ri
ng

 in
 th

e 
gi

ve
n 

ar
ea

. O
pe

ra
to

r 
ac

ti
on

 w
il

l i
nc

lu
de

 a
n 

in
ve

st
ig

at
io

n 
as

 to
 th

e 
ca

us
e 

of
 th

e 
hi

gh
 te

m
pe

ra
tu

re
 c

on
di

ti
on

 a
nd

 th
e 

in
it

ia
ti

on
 o

f 
po

rt
ab

le
 e

m
er

ge
nc

y 
ve

nt
il

at
io

n 
or

, i
n 

th
e 

ca
se

 w
he

re
 r

un
ni

ng
 m

ac
hi

ne
ry

 in
 a

 g
iv

en
 s

pa
ce

 is
 n

ot
 r

eq
ui

re
d,

 s
hu

td
ow

n 
of

 n
on

es
se

nt
ia

l 
m

ac
hi

ne
ry

 to
 r

ed
uc

e 
am

bi
en

t a
ir

 te
m

pe
ra

tu
re

. S
ee

 S
ec

ti
on

 7
.1

.3
.2

.4
 f

or
 a

dd
iti

on
al

 in
fo

rm
at

io
n.

e.
E

le
ct

ri
ca

l p
en

et
ra

tio
ns

 a
re

 ra
te

d 
an

d 
te

st
ed

 fo
r a

ll 
po

ss
ib

le
 e

nv
ir

on
m

en
ta

l c
on

di
tio

ns
, i

nc
lu

di
ng

 L
O

C
A

. E
ac

h 
in

st
al

la
tio

n 
is

 th
us

 u
ni

qu
e,

 a
nd

 th
er

e 
ar

e 
no

 
“s

ta
nd

ar
d”

 c
on

di
ti

on
s.

Ta
bl

e 
3F

-8
 (

co
nt

in
ue

d)
 

E
N

V
IR

O
N

M
E

N
T

A
L

 T
E

M
PE

R
A

T
U

R
E

 E
V

A
L

U
A

T
IO

N
S 

FO
R

 C
L

A
SS

 1
E

 B
O

P 
E

Q
U

IP
M

E
N

T

Te
m

pe
ra

tu
re

b ,c

E
xt

re
m

es
(°

F)
E

qu
ip

m
en

t
R

at
in

g
(°

F)
Pr

op
os

ed
d

Te
m

pe
ra

tu
re

M
on

ito
ri

ng
R

ef
er

en
ce

St
an

da
rd

/C
om

m
en

ts
E

qu
ip

m
en

t I
de

nt
if

ic
at

io
n

L
oc

at
io

n
V

en
til

at
io

n
Sy

st
em

sa
M

in
.

/
M

ax
.

M
in

./
M

ax



Revision 43—09/27/07 NAPS UFSAR 3F-22
 

f.
 D

ie
se

l g
en

er
at

or
:

1.
C

on
tr

ol
s 

ar
e 

ra
te

d 
fo

r 
32

°F
 to

 1
20

°F
. R

ef
er

en
ce

 E
ng

in
ee

ri
ng

 T
ra

ns
m

it
ta

lN
-0

6-
00

43
, E

va
lu

at
io

n 
of

 E
m

er
ge

nc
y 

D
ie

se
l G

en
er

at
or

 A
m

bi
en

t R
oo

m
 

Te
m

pe
ra

tu
re

s.

2.
T

he
 d

ie
se

l g
en

er
at

or
 h

as
 k

ee
p-

w
ar

m
 h

ea
te

rs
 f

or
 lu

be
 o

il
 a

nd
 ja

ck
et

 w
at

er
 to

 g
ua

ra
nt

ee
 s

ta
rt

in
g 

in
 th

e 
15

° t
o 

12
0°

F 
am

bi
en

t t
em

pe
ra

tu
re

 r
an

ge
. (

T
he

re
 a

re
 

no
 in

du
st

ry
 s

ta
nd

ar
d 

re
qu

ir
em

en
ts

 f
or

 a
m

bi
en

t e
nv

ir
on

m
en

ta
l c

on
di

tio
ns

.)

g.
 B

at
te

ry
 r

oo
m

 f
an

s 
ta

ke
 s

uc
ti

on
 f

ro
m

 th
e 

em
er

ge
nc

y 
sw

it
ch

ge
ar

 o
r 

m
ai

n 
co

nt
ro

l r
oo

m
s,

 w
hi

ch
 h

av
e 

Ty
pe

 A
 (

se
e 

N
ot

e 
a)

 a
ir

 c
on

di
tio

ni
ng

 s
ys

te
m

s.

h.
T

he
 s

w
it

ch
ge

ar
 c

an
 to

le
ra

te
 a

n 
am

bi
en

t t
em

pe
ra

tu
re

 o
f 

13
3°

F
 if

 th
ey

 a
re

 n
ot

 lo
ad

ed
 o

ve
r 

87
%

.

Ta
bl

e 
3F

-8
 (

co
nt

in
ue

d)
 

E
N

V
IR

O
N

M
E

N
T

A
L

 T
E

M
PE

R
A

T
U

R
E

 E
V

A
L

U
A

T
IO

N
S 

FO
R

 C
L

A
SS

 1
E

 B
O

P 
E

Q
U

IP
M

E
N

T

Te
m

pe
ra

tu
re

b ,c

E
xt

re
m

es
(°

F)
E

qu
ip

m
en

t
R

at
in

g
(°

F)
Pr

op
os

ed
d

Te
m

pe
ra

tu
re

M
on

ito
ri

ng
R

ef
er

en
ce

St
an

da
rd

/C
om

m
en

ts
E

qu
ip

m
en

t I
de

nt
if

ic
at

io
n

L
oc

at
io

n
V

en
til

at
io

n
Sy

st
em

sa
M

in
.

/
M

ax
.

M
in

./
M

ax



Revision 43—09/27/07 NAPS UFSAR 3F-23
Figure 3F-1 
CROSS SECTION - 300V INSTRUMENT CABLE
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Figure 3F-2 
ELECTRICAL INSTRUMENTATION CABLE MODEL
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Figure 3F-4  (SHEET 1 OF 4)
CONTAINMENT STRUCTURE
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Figure 3F-4  (SHEET 2 OF 4)
CONTAINMENT STRUCTURE
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Figure 3F-4  (SHEET 3 OF 4)
CONTAINMENT STRUCTURE
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Figure 3F-4  (SHEET 4 OF 4)
CONTAINMENT STRUCTURE

Note: See Table 3F-7 for identification of the instrumentation associated with the 
numbers circled.
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Figure 3F-5 
PT-403-SYSTEM WIDE RANGE PRESSURE TRANSMITTER
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Figure 3F-6 
ROSEMOUNT PRESSURE TRANSDUCER MODEL
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Figure 3F-7 
INSIDE RECIRCULATION SPRAY PUMP MOTOR
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Figure 3F-8 
CONTAINMENT RECIRCULATION PUMP MOTOR MODEL
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Figure 3F-9 
CONTAINMENT ISOLATION CHECK VALVE MODEL
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Figure 3F-10 
CROSS SECTION - POWER CABLE
 



Revision 43—09/27/07 NAPS UFSAR 3F-39
Figure 3F-11 
ELECTRICAL POWER CABLE MODEL
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Figure 3F-12 
CONTAINMENT PENETRATION MODEL
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