gy, Entergy Nuclear Operations, Inc.
E n t er Pilgrim Nuclear Power Station
600 Rocky Hill Road
’ Plymouth, MA 02360

John A. Dent, Jr.
e Voo Progt
December 12, 2013 Site Vice President

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, DC 20555

SUBJECT: Entergy Nuclear Operations, Inc.
Pilgrim Nuclear Power Station
Docket No.: 50-293
License No.: DPR-35

- FSAR Update Revision 29, Technical Specifications Bases Changes, -
10 CFR 50.59(d) Report, and Regulatory Commitment Changes

LETTER NUMBER: 2.13.085

This letter submits Final Safety Analysis Report (FSAR) Revision 29 update pages for Pilgrim
Nuclear Power Station. This update is submitted in accordance with 10 CFR 50.71(e)
requirements and includes changes implemented during Fuel Cycle 19, ending with refueling
outage 19 as contained in Attachments 1 & 2.

Additionally, a description of a new and subsequently revised 10 CFR 50.59 Safety Evaluation
performed during Fuel Cycle 19 is summarized in Attachment 3. There were no Regulatory
Commitment changes or Technical Specification (TS) Bases changes performed during Fuel
Cycle 19.

There are no new regulatory commitments contained in this letter.

If you have any questions regarding the information contained in this letter, please contact
Joseph R. Lynch, Licensing Manager at (508) 830-8403.

| declare under penalty of perjury that the foregoing is true and correct; executed on December
12, 2013.

Sincerely,

=

n A. Dent Jr.
Site Vice President
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Attachment 1:  Filing Instructions for FSAR Revision 29, Change-out pages (7 Pages)
Attachment 2:  FSAR Revision 29 Change-out pages (See Filing Instructions)
Attachment 3:  Description of 10 CFR 50.59(d) Evaluation (3 Pages)

cc:
Mr. William M. Dean Ms. Nadiyah Morgan, Project Manager
Regional Administrator, Region 1 Division of Operating Reactor Licensing
U.S. Nuclear Regulatory Commission Office of Nuclear Reactor Regulation
2100 Renaissance Boulevard, Suite 100 U.S. Nuclear Regulatory Commission
King of Prussia, PA 19406-2713 Mail Stop O-8-C2A

(w/o Attachments) Washington, DC 20555

Senior Resident Inspector
Pilgrim Nuclear Power Station
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1.2 DEFINITIONS

The following definitions apply to the terms used in the Safety
Analysis Report.

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

a. Reactor Fuel Barrier - Uranium dioxide sealed in
metal cladding

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

For example, process system isolation valves, when
closed, form part of the barrier. The steam jet
ejector offgas path forms a planned process
opening in the barrier during power operation

Because the nuclear system process barrier is
designed to be divided by isolation wvalve action
into two major sections under certain conditions,
this barrier 1is considered in two parts as
follows:

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

(2) Nuclear System Secondary Barrier - That
portion of the nuclear system process
barrier not included in the nuclear system
primary barrier
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C. Primary Containment - The drywell in which the
reactor vessel is located, the pressure
suppression chamber, and process lines out to the
first isolation valve outside the containment
wall. Portions of the nuclear system process
barrier may become part of the primary
containment, depending upon the location of a
postulated failure. For example, a closed main
steam line isolation valve is part of the primary
containment barrier when the postulated failure of
the main steam line is inside the primary
containment.

d. Secondary Containment -~ The Reactor Building,
which completely encloses the primary containment,
the Standby Gas Treatment System, and the main
stack, constitute this barrier

Radioactive Material Barrier Damage - Radioactive
material barrier damage 1s defined as an unplanned,
undesirable breach in a barrier, except that the
operation of a relief or safety valve does not
constitute barrier damage.

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

Reactor vessel

Reactor vessel internals

Reactor core

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

Neutron Monitoring System

Reactor Recirculation System

Control Rod Drive System

Residual Heat Removal System

Reactor Core Isolation Cooling System

Core Standby Cooling Systems

Reactor Water Cleanup System

Feedwater System piping between the reactor vessel
and the first valve outside the primary
containment safety and relief valve system

The word safety, when used to modify such words as
objective, design basis, action, and system, indicates
that the objective, design basis, action, or system is
related to concerns considered to be of primary safety
significance, as opposed to the plant mission - to
generate electrical power. Thus, the word safety is used
to identify aspects of the station which are considered
to be of primary importance with respect to safety.
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Power Generation - The phrase power generation, when
used to modify such words as objective, design basis,
action and system, indicates that the objective, design
basis, action, or system is related to the mission of
the station - to generate electrical power - as opposed
to concerns considered to be of primary safety
importance. Thus, the phrase power generation is used
to identify aspects of the station which are not
considered to be of primary importance with respect to
safety.

Operational - The objective operational, along with its
noun and verb forms, is used in reference to the working
or functioning of the station, in contrast to the design
of the station.

Scram -~ Scram refers to the automatic rapid insertion of
control rods in response to the detection of undesirable
conditions. '

Safety Limit - A safety limit is an established limit
above normal operational limits on the value of a
nuclear system process or analytical variable, or an
established 1limit specifying an allowable degree of
barrier damage.

Planned Operation - Planned operation is normal station
operation under planned conditions in absence of
significant abnormalities. Operations subsequent to an
incident (transient, accident, or special event), are
not considered planned operations until the actions
taken in the station are identical to those which would
be used had the incident not occurred. The established
planned operations can be considered as a chronological
sequence:

refueling outage -->achieving criticality —-->heatup -->

power operation -->achieving shutdown -->

cooldown -->refueling outage.

The following planned operations are identified:

a. Refueling Outage - Refueling outage included all
of the planned operations associated with a normal

"refueling outage:

(1) Planned, physical movement of core
components (fuel, control rods, etc.)

(2) Refueling test operations

(3) Planned maintenance
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b. Achieving Criticality - Achieving criticality
includes all the actions which are normally
accomplished in bringing the station from a
condition in which all control rods are fully
inserted to a condition in which nuclear
criticality is achieved and maintained

c. Heatup - Heatup begins where achieving criticality
ends and includes all actions which are normally
accomplished in approaching nuclear system rated
temperature and pressure by using nuclear power
(reactor critical). Heatup extends through warmup
and synchronization of the turbine-generator

d. Power Operation - Power operation begins where
heatup ends and includes continued operation of
the station at power levels in excess of heatup
power

e. Achieving Shutdown - Achieving shutdown begins
where power operation ends and includes all
actions normally accomplished in achieving nuclear
shutdown (more than one rod subcritical) following
power operation

f. Cooldown - Cooldown begins where achieving
shutdown ends and includes all actions normally
accomplished in the continued removal of decay
heat and the reduction nuclear system temperature
and pressure

Incident - An incident 1s any event - abnormal
operational transient, or accident - not considered as
part of planned operation. '

Abnormal Operational Transient - An abnormal operational
transient includes the events following a single
equipment malfunction or a single operator error that is
reasonably expected during the course of planned
operations. Power failures, pump trips, and rod
withdrawal errors are typical of the single malfunctions
or errors initiating the events in this category.

Abnormal Occurrence - Abnormal occurrence refers to the
occurrence of any station condition that:

a. Exceeds a Limiting Safety System Setting as
established in the Technical Specifications

b. Violates a Limiting Condition for Operation as
established in the Technical Specifications

c. Causes any abnormal operational transient

d. Causes any uncontrolled or unplanned release of
radioactive material from the site
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Accident - An accident is a single event, not reasonably
expected during the course of station operations, that
has been hypothesized for analysis ©purposes or
postulated from unlikely but possible situations, and
that causes or threatens a rupture of a radicactive
material barrier. A pipe rupture qualifies as an
accident; a fuel cladding defect does not.

Design Basis Accident - A design basis accident is a
hypothesized accident the characteristics and
consequences of which are utilized in the design of
those systems and components pertinent to the
preservation of radiocactive material barriers, and the
restriction of radioactive material release from the
barriers. The potential radiation exposures resulting
from a design basis accident are greater than any
similar accident postulated from the same general
accident assumptions.

Special Event - A special event is an event which
neither qualifies as an abnormal operational transient
nor an accident but which is postulated to demonstrate
some special capability of the system or its systems.

Safety Action - A safety action is an ultimate action in
the station which i1s essential to the avoidance of
specified conditions considered to be of primary safety
significance. The specified conditions are those that
are most directly related to the ultimate limits on the
integrity of the radioactive material barriers or the
release of radioactive material. There are safety
actions associated with planned operation, abnormal
operational transients, accidents, and special events.
Safety actions include such actions as the indication to
the operator of the values of certain process variables,
reactor scram, core standby cooling, and reactor
shutdown from outside the control room. See Figures
1.2-1 through 1.2-3 and Table 1.2-1.

Power Generation Action - A power generation action is
an action in the station which is essential to the
avoidance of specified conditions considered to be of
primary significance to the station mission - the
generation of electrical power. The specified
conditions are those that are most directly related to
the following:

a. The ability to carry out the station mission - the
generation of electrical power - through planned
operation

b. The avoidance of conditions which would limit the

ability of the station to generate electrical
power
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C. The avoidance of conditions which would prevent or
hinder the return to conditions permitting the use
of the station to generate electrical power
following an abnormal operational transient,
accident, or special event. There are power
generation actions associated with planned
operation, abnormal operational transients,
accidents, and special events. See Figure 1.2-3.

Protective Action - A protective action is an ultimate
action at the system level which contributes to and is
essential to the accomplishment of a safety action.
System level actions which are essential to
accomplishing reactor scram, reactor vessel isolation,
containment isolation, pressure relief, automatic
depressurization, and core standby cooling are some of
the protective actions. See Figures 1.2-1, 1.2-2, and
1.2-3

Protective Function - A protective function encompasses
the monitoring of one or more station variables or
conditions and the associated initiation of intra system
actions which eventually result in protective action.
See Figure 1.2-2.

Safety System - A safety system is any system, group of
systems, component, or group of components, the actions
of which are essential to accomplishing a safety action.
See Figure 1.2-3 and Table 1.2-1.

Process Safety System - A process safety system is a
safety system the actions of which are essential to a
safety action required during planned operation. See
Figure 1.2-3 and Table 1.2-1.

Nuclear Safety System - A nuclear safety system is a
safety system the actions of which are essential to a
safety 'action required in response to an abnormal
operational transient. See Figure 1.2-3 and Table 1.2-1.

Engineered Safeguard - An engineered safeqguard is a
safety system the actions of which are essential to a
safety action required in response to accidents. See

Figure 1.2-3 and Table 1.2-1.

Protection System - Protection system is a generic term
which may be applied to nuclear safety systems and
engineered safeguards. See Figure 1.2-3 and Table 1.2-
1.

Special Safety System - A special safety system is a
safety system the actions of which are essential to a
safety action required in response to a special event.
See Figure 1.2-3 and Table 1.2-1.
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Power Generation System - A power generation system is
any system the actions of which are not essential to a
safety action, but which are essential to a power
generation action. Power generation systems are
provided for any of the following purposes:

a. To carry out the mission of the station - generate
electrical power - through planned operation

b. To avoid conditions which would limit the ability
of the station to generate electrical power

c. To facilitate and expedite the return to
conditions permitting the use of the station to
generate electrical power following an abnormal
operational transient, accident, or special event.
See Figure 1.2-3 and Table 1.2-1

Safety Objective - A safety objective describes in
functional terms the purpose of a system or component as
it relates to conditions considered to be of primary

significance to the protection of the public. This
relationship is stated in terms of radiocactive material
barriers or radicactive material release. The only

systems which have safety objectives are safety systems.
See Figure 1.2-3.

Power Generation Objective - A ©power generation
objective describes in functional terms the purpose of a
system or component as it relates to the mission of the
station. This includes objectives which are
specifically established so the station can fulfill the
following purposes:

a. The generation of electrical power through planned
operation

b. The avoidance of conditions which would limit the
ability of the station to generate electrical
power

c. The avoidance of conditions which would prevent or

hinder the return to conditions permitting the use
of the station to generate electrical power
following an abnormal operational transient,
accident, or special event. See Figure 1.2-2

A system or piece of equipment has a power generation
objective if it is a power generation system. A safety
system can have a power generation objective, in
addition to a safety objective, if parts of the system
are intended to function for power generation purposes.

Dnalytical Objective - An analytical objective describes

the purpose or intent of a portion of the Safety
Bnalysis Report presenting an analysis.
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Safety Design Basis - The safety design basis for a
safety system states in functional terms the unique
design requirements which establish the limits within
which the safety objective shall be met. A power
generation system may have a safety design basis which
states in functional terms the unique design
requirements that ensure that neither planned operation
nor operational failure by the system results in
conditions for which station safety actions would be
inadequate.

Power Generation Design Basis - The power generation
design basis for a power generation system states in
functional terms the unique design requirements which
establish the limits within which the power generation
objective shall be met.

A safety system may have a power generation design basis
which states in functional terms the unique design
requirements which establish the limits within which the
power generation objective for the system shall be met.

Safety Evaluation - An evaluation of a change in the
design or operation of systems, structures, and
components to determine if an unreviewed safety question
will result, specifically to determine if:

a. The probability of occurrence or the consequences
of an accident or malfunction of equipment
important to safety previously evaluated in the
Final Safety Analysis Report may be increased; or

b. The possibility for an accident or malfunction of
a different type than any evaluated previously in
the Final Safety BRAnalysis Report may be created;
or

c. The margin of safety as defined in the basis for
any Technical Specification is reduced.

Power Generation Evaluation - A ©power generation
evaluation is an evaluation which shows how the system
satisfies some or all of the power generation design
bases. Because power generation evaluations are not
directly pertinent to public safety, they are generally
not included. However, where a system or component has
both safety and power generation objectives, a power
generation evaluation can be used to clarify the safety
versus power generation capabilities.
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Operational Nuclear Safety Requirements - An operational
nuclear safety requirement is a limitation or
restriction on either the value of a process variable or
the operability of a station system. Such operational
nuclear safety requirements must be observed in the
operation (not necessarily at power) of the station to
satisfy specified operational nuclear safety criteria.
The aggregate of all operational nuclear safety
requirements defines an operational framework within
which actual station operations must remain.

Operational Nuclear Safety Criteria - A set of standards
which are used to select operational nuclear safety
requirements.

Design Power - The stated design power in megawatts
thermal is the result of a heat balance for a particular
plant design. For the Pilgrim Nuclear Station, design

power is 1,998 MWt.

Single Failure - A single failure is a failure that can
be ascribed to a single causal event. Single failures
of active components are considered in the design of
certain systems, and are presumed in the evaluations of
incidents to investigate the ability of the station to
respond in the required manner under degraded
conditions.

Operable, Operability - A system, subsystem, train,
component or device shall be OPERABLE or have
OPERABILITY when it 1is capable of performing its

specified functions(s). Implicit in this definition
shall be the assumption that all necessary attendant
instrumentation, controls, normal or emergency

electrical power sources, cooling or seal water,
lubrication or other auxiliary equipment that are
required for the system, subsystem, train, component or
device to perform its function(s) are also capable of
performing their related support function(s).

Operating - Operating means that a system or component
is operating when it is performing its intended function
in its required manner.

Shutdown - The reactor is shut down when the effective
multiplication factor (Kgfg) 1is sufficiently less than
1.0, that the full withdrawal of any one control rod
could not produce criticality.

Shutdown Mode - The reactor is in the shutdown mode when
the reactor is shut down, the reactor mode switch is in
the shutdown mode position, and all operable control
rods are fully inserted.

Cold Shutdown Condition - The reactor is in the cold
shutdown condition when the reactor is in the shutdown
mode, the reactor coolant is maintained at 1less than
212°F, and the reactor vessel 1is vented to the
atmosphere.
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Place in Shutdown Mode - Place in the shutdown mode
means conduct an uninterrupted normal station shutdown
operation until the shutdown mode is attained.

Place in the Cold Shutdown Condition - Place in the cold
shutdown condition means conduct an uninterrupted normal
station shutdown operation until the cold shutdown

"condition is attained.

Refuel Mode - The reactor is in the refuel mode whenever
the reactor mode switch is in the refuel mode position.

Startup Mode - The reactor 1is in the startup mode
whenever the reactor mode switch is in the startup mode
position.-

Run Mode - The reactor is in the run mode whenever the
reactor mode switch is in the run mode position.

Place in Isolated Condition- Place in isolated condition
means conduct an uninterrupted normal isolation of the
reactor from the main (turbine) condenser including the
closure of the main steam line isolation valves.

Primary Containment Integrity - Primary containment
integrity means that the drywell and suppression chamber
are intact and all of the following conditions are
satisfied:

a. All manual containment isolation valves on lines
connected to the reactor coolant system or
containment which are not required to be open
during plant accident conditions are closed.

b. At least one door in the airlock is closed and
sealed.
c. All automatic primary containment isolation valves

and all instrument line flow check valves are
operable or at least one containment isolation
valve in each line having an inoperable valve
shall be deactivated in the isolated position.

d. All containment isolation check wvalves are
operable or at least one containment valve in each
line having an inoperable valve is secured in the
isolated position.

Secondary Containment Integrity - Secondary containment

integrity means that the reactor building is intact and

the following conditions are met:

a. At least one door in each access opening is closed

b. The standby gas treatment system is operable
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C. All automatic ventilation system isolation valves
are operable or secured in the isolated position

Core Fuel to Water Total Power - The core fuel to water
total power 1is the sum of (a) the instantaneous
integral, over the entire fuel clad outer surface, of
the product of heat transfer area increment and position
dependent heat flux, and (b) the instantaneous rate of
energy deposition by neutron and gamma reactions in all
the water and core components except fuel rods in the
cylindrical volume defined by the active core height,
and the inner surface of the core shroud.

Refueling Outage (as applicable to surveillance
frequency requirements) - For the purpose of designating
frequency of testing and surveillance, a refueling
outage shall mean a regularly scheduled refueling
outage.

Core Alteration - Core Alteration shall be the movement
of any fuel, sources, or reactivity control components,
within the reactor vessel with the vessel head removed,
and fuel in the vessel. The following exceptions are
not considered to be Core Alterations:

a. Movement of source range monitors, local power
range monitors, intermediate range monitors,
traversing incore probes, or special movable
detectors (including undervessel replacement); and

b. Control rod movement, provided there are no fuel
assemblies in the associated core cell.

Risk - Risk is the product of the probability of an
event and the adverse consequences of the event.

Reliability - Reliability is the probability that an
item will perform its specified function without failure
for a specified time period in a specified environment.

Unreliability - Unreliability is the probability that a
component or system will fail to perform its specified
action for a specified time period in a specified
environment. (The sum of reliability and unreliability
equals unity.)

Availability - Availability is the probability that an
item will be operable when called upon to perform its
specified function.

Unavailability - Unavailability is the probability that
a component or system will be inoperable when called
upon to perform its specified action. (The sum of

.availability and unavailability equals unity.)

Repair Rate - The repair rate is the number of repairs
completed per unit time.

Failure Rate - The failure rate is the number of
failures per unit time.
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Test Duration - The test duration is the elapsed time
between test initiation and test termination.

Test Interval - The test interval is the elapsed time
between the initiation of identical tests.

Active Component - A device characterized by an expected
significant change of state or discernible mechanical
motion in response to an imposed design basis load
demand upon the system. Examples are: switch, relay,
valve, pressure switch, turbine, transistor, motor,
damper, pump, analog meter, etc.

Passive Component - A device characterized by an
expected negligible change of state or negligible
mechanical motion in response to an imposed design basis
load demand upon the system. Examples are: cable,
piping, valve in stationary position, resistor,
capacitor, fluid filter, indicator lamp, cabinet, case,
etc.

Nuclear Safety Operatiocnal Analysis - A systematic
identification of the requirements for and the
limitations on station operation necessary to satisfy
nuclear safety operational criteria.

Automatic Primary Containment Isolation Valve - A
primary containment isolation wvalve which receives an
automatic primary containment isolation signal.

Operation with the Potential to Drain the Reactor
Vessel (OPDRV) - Any repair, maintenance, or their
associated system restoration activity that could
result in draining or siphoning the reactor vessel
water level below the top of fuel limit without
crediting the use of mitigating measures (e.g.,
operator actions, reliance on automatic isolation
valves) to terminate the uncovering of fuel. This
excludes activities where a qualified ©passive
engineered device which meets plant design basis
(e.qg., blind flange, closed manual valve,
deactivated automatic valve, back-seated valve) 1is
credited or installed to ensure there 1is not a
credible failure that could lead to draining the
reactor vessel. Normal operation of plant systems
to perform their design functions with reactor
cavity water level maintained as required 1in
applicable technical specifications are not
considered to pose an OPDRV.
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The "Security Owner Controlled Area"™ (SOCA), is an
area where access 1is restricted for security
reasons. It is not considered as Radiological
Restricted Area. The SOCA is a permanently owner
controlled area clearly demarcated with physical
security barriers, access to which is controlled in
accordance with the Pilgrim Station Access Control
Program to enter into the Protected Area for the
purpose of plant operational activities. This
definition complies with the objectives of the
requirements of 10 CFR 73.55, Requirements for
Physical ©protection of Licensed Activities 1in
Nuclear Power Reactors against Radiological
Sabotage".

The "Radiological Restricted Area" is any area to
which access is limited by the Licensee for the
purpose of protecting individuals against undue
risk from exposure to radiation or radioactive
materials. The Radiological Restricted Area
boundaries exclude any area to be used for
residential use purposes. The boundaries between
radiological restricted area and unrestricted area
are defined by the licensee. This definition
complies with 10 CFR 20.1003, as discussed in FSAR
Section 12.3.
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1.10 QUALITY ASSURANCE PROGRAM
1.10.1 Introduction

Boston Edison Company, as original owner and operator of
Pilgrim Nuclear Power Station, assumed full responsibility and
authority for facility operation and has taken appropriate
action to ensure the station is designed, modified, operated,
and maintained in accordance with sound engineering principles
and safe operating practices. The Boston Edison Company
Quality Assurance Program for operation of PNPS was defined in
the Boston Edison Quality Assurance Manual Volume II (BEQAM).

The ownership and operation of PNPS was transferred From
Boston Edison Company to the Entergy Nuclear Generation
Company (ENGC), effective July 13, 1999.

The ENGC Quality Assurance Program for operation of PNPS was
defined in the Pilgrim Quality Assurance Manual (PQAM), which
was the governing document for quality related activities
relating to Pilgrim Station until May 5, 2002, when the NRC
approved ENGC’s transfer of plant operating responsibility to
Entergy Nuclear Operations Inc. (ENOI). At this time the PQAM
was replaced by adopting the Entergy QA Program Manual (QAPM),
as the QA program description for PNPS.

The requirements in the QAPM, and its Predecessors (BEQAM and
PQAM), were established to comply with the requirements of 10
CFR 50, Appendix B, "Quality Assurance Criteria for Nuclear
Power Plants."

1.10.2 QA Program Objectives

The quality assurance program's objectives are to ensure
compliance with regulatory requirements, company commitments,
and established practices for efficient design, modification,
maintenance, testing, and operation of Pilgrim Station. The
program requires every person involved in quality assurance
program related activities to comply with the provisions of
the program.

1.10.3 QA Program Organization

The function of the Pilgrim Quality Assurance Organization
established by Entergy is to monitor the quality oriented
activities of all organizations involved in the design,
modification, operation, and maintenance of Pilgrim Station
and report the results of such monitoring activities to the
appropriate levels of management.

The site quality assurance organization reports off-site to

the Director, Oversight. This reporting relationship ensures |
the appropriate organizational freedom required by 10 CFR 50
Appendix B, Criteria I as needed for the site QA organization
to effectively perform their assigned functions.
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1.10.4 Quality Control and Assurance Measures

The degree to which quality control and assurance measures are
assigned is a direct function of the safety and operating
requirements of the various structures, systems, and
components.

Essential equipment and nuclear systems are emphasized;
however, nonessential and non-safety related systems and
components may be included in the Quality Assurance Program to
the extent necessary to assure reliability of station
operation.

The quality assurance organization has developed an integrated
system of planned audits, reviews, surveillances, inspections,
and assessments in order to fulfill its responsibility for
monitoring of QA Program implementation. The system has been
designed to meet or exceed applicable regulatory, license, and
national code or standard requirements. The audits, reviews,
and surveillances are scheduled to provide comprehensive
oversight and verification of all aspects of the QA Program
and to provide management of the affected areas with
continuous assessments of facility operation.

In addition to the commitments to NRC Regulatory Guides and
ANSI Standards described in the Entergy QAPM, the following
Regulatory Guides and associated ANSI Standards will be
applied to construction related activities associated with
major modifications during the operational phase that are
comparable in nature and extent to related activities
occurring during initial plan design and construction:

¢ Regulatory Guide 1.54, Rev. 0, 1973. “QA Requirements for
Protective Coating Applied to Water-Cooled Nuclear Power
Plants.” _

¢ Regulatory Guide 1.55, Rev. 0, 1973. “Concrete Placement
in Category I Structures.”

e ANSI N45.2.16, “Requirements for the Calibration and

" Control of Measuring and Test Equipment Used in the
construction and Maintenance of Nuclear Power Generating.
Stations.”

UFSAR, Appendix D describes the quality assurance program for
the initial design and construction phase of Pilgrim Station.
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1.10.5 Quality Records and Documentation

Documentation to support quality assurance is essential to the
safe operation, integrity and proper maintenance of Pilgrim
Station. It is compiled and maintained throughout the life of
the plant. 1In general, the minimum requirements for
documentation for PNPS are those requirements imposed by the
QAPM. '

Refer to Section 13.7.5 relative to records retention.
1.10.6 Quality Program Review

Periodic, independent reviews of the QA Program policies and
implementation are conducted to evaluate the continued
adequacy and effectiveness of the program.

1.10.7 QA Program Update

The QA Program applied to operation and modification of
Pilgrim Station is set forth in the QAPM.
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The inlet mixer section of each jet pump is held in place by a beam-bolt
assembly located in the riser transition piece. The beam ends are positioned
within packets in the transition piece, and the beam load is transferred to
the elbow through a bolt located in the center of the beam. See view D-D of
Figure 3.3-5 (BECo MIE44-1). A preload is applied to the beam when it is
installed to ensure enclosure integrity of the joint between the riser and the
inlet mixer assemblies. Ultrasonic testing in mid-1979 and early 1980
detected cracking in some beams in certain BWR/3s. To preclude failure by
intergranular stress corrosion cracking which has been observed in jet pump
beams in some BWR plants, the existing Pilgrim jet pump beams that were of
BWR-3 design have been replaced by improved BWR-4 beam bolt assemblies.
These replacement beam bolt assemblies are different in four aspects:

The beam depth has been increased

The Inconel material heat treatment has been changed
The beam bolt material has been changed to 316L

The retaining device design has been changed

O 00O

Beams reflecting these design changes are not expected to crack.

These improvements are discussed further in the GE NEDE report of December
1981 (Reference 5), which also presents a recommended schedule for inservice
inspection of the replacement beams.

3.3.4.5 Steam Dryers

The steam dryers remove moisture from the wet steam which exits from the steam
separators. The wet steam leaving the steam separators flows across the dryer
vanes and the moisture flows down through collecting troughs and tubes to the
water above the downcomer annulus. See Figure 3.3-6. A skirt extends down
into the water to form a seal between the wet steam plenum and the dry steam
flowing out the top of the dryers to the steam outlet nozzles. Vertical guide
rods facilitate positioning the dryer and shroud head in the vessel. The
dryers rest on steam dryer support brackets attached to the reactor vessel
wall, and are restricted from lifting by steam dryer hold-down brackets, which
are attached to the reactor vessel closure head over the top of the steam
dryer lifting lugs when the head is in place.

3.3.4.6 Feedwater Spargers

The feedwater spargers are stainless steel headers located in the mixing
plenum above the downcomer annulus. A separate sparger is fitted to each of
four feedwater nozzles and is shaped to conform to the curve of the vessel
wall. Sparger end brackets are attached to vessel brackets to support the
weight of the spargers, and wedge blocks position the spargers away from the
vessel wall. Feedwater flow enters the center of the spargers and is
discharged through top mounted elbows, each with a converging discharge
nozzle. The cooler feedwater blows downward to mix with the downcomer flow
from the steam separators before it contacts the vessel wall. The feedwater
also serves to collapse any steam voids and to subcool the water flowing to
the jet pumps and recirculation pumps.
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3.3.4.7 Core Spray Lines

The two 100 percent capacity carbon steel core spray-lines separately enter
the reactor vessel through the two core spray nozzles as shown on Figure 4.2-
2. BSee Section 4.2, Reactor Vessel and Appurtenances Mechanical Design. The
lines divide immediately inside the reactor vessel. The two halves are routed
to opposite sides of the reactor vessel and are supported by clamps attached.
to the vessel wall. The header halves are then routed downward into the
downcomer annulus and pass through the upper shroud immediately below the
flange. The flow divides again as it enters the center of the semicircular
sparger ring which is routed halfway around the inside of the upper shroud.
The ends of the two sparger rings for each line are supported by slip-fit
brackets designed to accommodate thermal expansion of the rings. The header
routing and supports are designed to accommodate differential movement between
the shroud and the vessel. The other core spray line is identical except that
the header enters the opposite side of the vessel and the sparger rings are at
a slightly different elevation in the shroud. The proper spray distribution
pattern is provided by a combination of distribution nozzles pointed radially
inward and downward from the sparger rings. See Section 6, Core Standby
Cooling Systems.

3.3.4.8 Deleted

3.3.4.9 Differential Pressure and Liquid Control Line

The stainless steel differential pressure and liquid control line serves a
dual function within the reactor vessel. It injects liquid control solution
into the coolant stream as discussed in Section 3.8, Standby Liquid Control
System, and senses the differential pressure across the core support assembly,
as discussed in Section 4.2, Reactor Vessel and Appurtenances Mechanical
Design. The line enters the reactor vessel at a point below the core shroud
as two concentric pipes. In the lower plenum, the two pipes separate. The
inner pipe terminates near the lower shroud with a perforated length below the
core support assembly. It is used to sense the pressure below the core
support during normal operation and to inject liquid control solution when
required. This location assures that good mixing and dispersion are
facilitated. The use of the inner pipe also reduces the thermal shock to the
vessel nozzle should the Standby Liquid Control System (SLCS) ever be used.
The outer pipe terminates immediately above the core support assembly and
senses the pressure in the region outside the fuel assembly channels.

3.3.4.10 Incore Flux Monitor Guide Tubes

The incore flux monitor guide tubes are welded to the top of the incore flux
monitor housings in the lower plenum and extend up to the top of the core
support. See Section 4.2, Reactor Vessel and Appurtenances Mechanical Design.
The power range detectors for the power range monitoring units and the dry
tubes for the source range monitoring/intermediate range monitoring (SRM/IRM)
detectors are inserted through the guide tubes, and are held in place below
the top guide by spring tension. A latticework of clamps, tie bars, and
spacers give lateral support and rigidity to the guide tubes. The bolts and
clamps are welded after assembly to prevent loosening during reactor
operation.
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3.3.4.11 Startup Neutron Sources

The startup neutron sources are required during the first startup of the
reactor. At the end of the first operating cycle, the neutron sources can be
removed since the reactor has adequate neutron source in the form of fuel
carried to the subsequent operating cycle. Neutron sources have been removed
after four operating cycles since experience on other BWR plants has shown
that startup neutron source holders left in the core longer than one operating
cycle have a tendency to become brittle and are subject to cracking and
separation. Cores with an average exposure of 5,000 MWd/t will emit enough
neutrons to permit startup following a 120 day outage. Higher core average
exposure will allow longer outage

periods. For an extended outage, where neutron startup sources would be
required, new antimony rods would have to be irradiated and installed in new
holders.

To allow full core discharge and reloading without the startup neutron sources
and without meeting the activity requirements of the fuel, a spiral reloading
and unloading pattern is followed.

3.3.4.12 Surveillance Holders

The surveillance sample holders are welded baskets containing impact and
tensile specimen capsules. See Section 4.2, Reactor Vessel and Appurtenances
Mechanical Design. The baskets hang from brackets on the inside wall of the
reactor vessel at the midheight of the active core, and at radial positions
chosen to expose the specimens to the same environment and maximum neutron
fluxes experienced by the reactor vessel itself, while at the same time
avoiding jet pump removal interference or damage.

3.3.5 Vibration
3.3.5.1 Vibration Analysis

A vibration analysis of reactor vessel internals was performed in the design
to determine any potential hydraulically induced equipment vibrations and to
check that the structures do not fail due to fatigue. The structures were
analyzed for natural frequencies, mode shapes, and vibrational magnitudes that
could lead to fatigue at these frequencies. The cyclic loadings were
evaluated using the cyclic stress criteria of the ASME Code, Section III as a
guide.

3.3.5.2 Vibration Testing

The criteria for selecting BWR plants to be vibration tested is to test each
new plant which contains a significant design departure from a plant that has
been previously vibration tested (e.g., the first plant of each standard plant
design). Since all jet pump plants are geometrically quite similar, it is not
expected that there will be a great deal of difference in the vibration
response of the various plants of approximately the same size. However, where
vessel diameters changed significantly, or where flow velocities increased
significantly, vibration tests were scheduled.
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Depending on the reactor vessel manufacturer, BWRs are equipped with two types
of shroud support structures. Reactors such as Dresden 2 and 3, Peach Bottom
2 and 3, Brunswick, and Zimmer are equipped with a stilt-type shroud support.
Reactors such as Fermi 2, Cooper, Millstone 1, and Pilgrim are equipped with a
gusset-type shroud support. Pilgrim differs from Millstone 1 in the area of
jet pump riser support, both at the inlet thermal sleeve attachment and at the
riser brace elevation. Because of these design differences, confirmatory
vibration tests were conducted on Pilgrim plant to ensure that the flow
induced vibrations do not jeopardize the integrity of internal structure of
the reactor vessel. This program supplemented the first of a kind data
obtained from the Millstone 1 tests. The vessel internal components monitored
were:

1. Shroud - to measure horizontal displacements

2. Jet Pump Assembly Riser Brace - to measure strain in the braces of
the riser pipe for two jet pumps

3. Jet Pumps - to measure horizontal radial motion of two pumps with
respect to the reactor pressure vessel

The vibration of the various reactor internal components were detected by
sensors mounted directly on those components. The vibration amplitude signals
from these sensors were amplified and displayed by an oscillograph type
recorder and also recorded on magnetic tape. Data were obtained from operable
sensors during the power test program and periodically during steady state
operation throughout the first operating cycle.

The operating conditions established for the vibration measurements during the
power test program are listed below. These operating conditions are
indicative of the range of operating conditions applicable for variations in
vibration excitations. Actual test points are designed to cover this range of
variations in steam and coolant flow.

Operating Conditions

1. 75 percent Thermal Power Line

2. 100 percent Thermal Power Line

Measurements were monitored for each of the above power levels at the
following conditions:

1. Four approximately equally spaced flow points from minimum
flow to 100 percent flow

2. With 100 percent core flow trip Pump A

3. With Pump B only operating, open equalizer

4. With 100 percent core flow trip Pump B

5. With Pump A only operating, open equalizer

6. With 100 percent core flow trip both pumps simultanecusly
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3.3.5.3 Increased Core Flow Vibration Analysis

The increased core flow vibration analysis was performed by analyzing the
startup test vibration data for Millstone 1 and Pilgrim. The vibration levels
for 100% flow operation were conservatively extrapolated by the ratio of flow
velocity squared for each of the instrumented reactor internal components.

The jet pump riser braces showed the highest vibration response (32.4% of
acceptance criteria) at 112.5% of rated core flow. In addition to analyzing
the startup test data, an evaluation of the riser brace structural natural
frequency was performed to determine if an excitation phenomena exists because
of increased recirculation pump speed (blade passing frequency). The results
show the riser brace natural frequency is high enough (169% of blade passing)
to avoid such an excitation. This riser brace excitation would be most
limiting as a result of an increase in pump speed and flow. Based on the
results of these analyses and a review of test data it is apparent that
operation with increased core flow does not result in flow-induced vibrations
of reactor internals which exceed acceptable mechanical design limits
(Reference 6).

3.3.6 Safety Evaluation
3.3.6.1 Evaluation Methods

To determine that the safety design basis is satisfied, the responses of the
reactor vessel internals to loads imposed during normal operation, abnormal
operational transients, and accidents are examined. Determination of these
effects on the ability to insert control rods, cool the core, and flood the
inner volume of the reactor vessel are made. The various structural loading
combinations assumed to be imposed on the reactor vessel internals are as
described in Appendix C for Class I equipment. These loading combinations
include upset loads, emergency loads, and faulted loads.

The ASME Boiler and Pressure Code, Section III for Class A vessels, is used as
a guide to determine limiting stress intensities and cyclic loadings for the
reactor vessel internals. For those components for which buckling is not a
possible failure mode and stresses are within those stated in the ASME Code,
it is concluded that the safety design basis is satisfied. For those
components, for which either buckling is a possible failure mode or stresses
exceed those presented in the ASME Code, either the elastic stability of the
structure or the resulting deformation is examined to determine if the safety
design basis is satisfied.

'3.3.6.2 Plant Conditions

All events that the plant might credibly experience are evaluated to establish
a design basis for plant equipment. These events are divided into four plant
conditions. The plant conditions described in the following paragraphs are
based on event probability (i.e., frequency of occurrence) and correlated
design conditions as defined in the ASME B&PV Code, Section III.
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3.3.6.2.1 Normal Condition

Normal conditions are any conditions in the course of system startup,
operation in the design power range, normal hot standby (with condenser
available), and system shutdown other than upset, emergency, faulted, or
testing. For this condition, structural loadings on the reactor vessel
internals are evaluated at 100% power and 100% recirculation flow.

3.3.6.2.2 Upset Condition

Upset conditions are any deviations from normal conditions which are
anticipated to occur often enough that the design should include a capability
to withstand the conditions without operational impairment. The upset
conditions include those transients which result from any single operator
error or control malfunction, transients caused by a fault in a system
component requiring its isolation from the system, and transients due to loss
of load or power.. For this condition, the

analysis is based on a reactor power corresponding to 105% of related steam
flow and 100% recirculation flow.

3.3.6.2.3 Emergency Condition

Emergency conditions are those deviations from normal conditions which require
shutdown to correct the conditions or to repair damage in the reactor pressure
coolant boundary (RCPB). These conditions have a low probability of
occurrence, but are included to provide assurance that no gross loss of
structural integrity results as a concomitant effect of any damage developed
in the system. Emergency condition events include, but are not limited to,
transients caused by one or more of the following: a multiple valve blow down
of the reactor vessel; loss of reactor coolant from a small break or crack
which does not depressurize the reactor system, nor result in leakage beyond
normal makeup system capacity, but which does require the safety functions of
containment isolation and reactor shutdown. The reactor is analyzed at core
power corresponding to 102% of rated power and 100% recirculation flow. For
Pilgrim the limiting event for this plant condition is an unintentional
actuation of the Automatic Depressurization System (ADS). This event results
in a sudden depressurization of the reactor system, similar to but less severe
than the design basis LOCA.

3.3.6.2.4 Faulted Condition

Faulted conditions are those combinations of conditions associated with
extremely unlikely postulated events, with consequences such that the
integrity and operability of the system may be so impaired that considerations
of public health and safety are involved. Faulted conditions encompass events
that are postulated because their consequences include the potential for
releasing significant amounts of radicactive material. These postulated
events are the most drastic that must be designed against, and thus represent
limiting design bases. Faulted condition events include, but are not limited
to, one or more the following: a control rod drop accident; a fuel-handling
accident; a main steam line break; a recirculation loop break; the combination
of small break/large break accident.
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For Pilgrim, the reactor is analyzed at two states; 1) 100% recirculation flow
and 102% of rated power and 2) 110% recirculation flow and 23% of rated power
(the lowest power at which 110% recirculation flow is permissible). The
limiting events are an instantaneous circumferential break of a main steam
line upstream of the main steam line flow limiters and the instantaneous
circumferential break of a recirculation line.

3.3.6.2.5 Correlation of Plant Conditions with Event Probability
The probabilities per reactor year, P, of normal, upset, emergency and faulted
events are listed below. These probabilities can be used to identify the

appropriate plant condition for any hypothesized event or sequence of events.

Events Encountered
(probability per

Plant Conditions reactor year)
Normal (planned) 1.0

Upset (moderate probability) 1.0>P>107?
Emergency (low probability) 107%>p>10"*
Faulted (extremely low probability) 107>p>107°

3.3.6.3 Specific Events To Be Evaluated

Examination of the spectrum of conditions for which the safety design basis
must be satisfied reveals four significant events:

1. Loss of coolant accident: This accident is a break in a recirculation
line. The accident results in some pressure differentials across the
reactor vessel internals which exceed normal loads

2. Steam line break accident: This accident is a break in one main steam
line between the reactor vessel and the flow restrictor. The accident
results in significant pressure differentials across the reactor vessel
internals

3. Thermal shock: The most severe thermal shocks to the reactor vessel
internals occur when low pressure coolant injection (LPCI) operations or
high pressure coolant injection (HPCI) operations reflood the reactor
vessel inner volume following either a recirculation line break or a
main steam line break. See Section 6, Core Standby Cooling System

4, Earthquake: This event subjects the reactor vessel internals to
significant forces as a result of ground motion. These seismic loads
are combined with other transients loads such as ADS loads or LOCA loads
to demonstrate the structural integrity of the reactor components under
such combined events.
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Analysis of other conditions existing during normal operation, abnormal
operational transients, and accidents show that the loads affecting the
reactor vessel internals are less severe than the four postulated events.
Hence, the design bases for structural stress evaluations are based on the
above limiting events.

3.3.6.4 Pressure Differentials During Rapid Depressurization

A digital computer code (Reference 7) is used to analyze the transient
conditions within the reactor vessel following the recirculation line break
accident and the steam line break accident. The analytical model of the
vessel consists of nine spatial nodes with their boundaries located at
interfaces defined by physical restrictions in the reactor system. Each node
is connected to the necessary adjoining nodes by flow paths having the
required resistance and inertial characteristics. The reactor system model is
designed for short-term transients where there is rapid system
depressurization. Its calculations typically include the first 30 to 45
seconds of the blowdown. The program solves the energy and mass conservation
equations for each node, giving the depressurization rates and pressure in the
various regions of the reactor. The flow resistances are evaluated from the
irreversible pressure drops associated with known flow rates. Momentum
effects are considered for all flow paths. Figure 3.3-7 shows the nine
reactor nodes in the model. They are: 1) the subcooled lower plenum, 2) the
core, 3) the upper plenum, 4) the mixing region, 5) the downcomer, 6) and 7)
the two recirculation loops, 8) the core bypass region, and 9) the steam dome.

This computer code is approved for use in ECCS conformance evaluation under
10CFR 50, Appendix K. In order to adequately predict the blowdown pressure
effect on individual reactor assembly components, three features are included
in the model that are not applicable to the ECCS analysis and are, therefore,
not described in Reference 5. These additional features are:

1. The liquid level in the steam separator region, and in the annulus
between the dryer skirt and the pressure vessel, is tracked to
determine more accurately the flow and mixture quality in the
steam dryer and the steam line.

2. The flow path between the bypass region and the shroud head is
more accurately modeled for a steam line break since the fuel
assembly pressure differential is influenced by flashing in the
guide tubes and the bypass region. In the ECCS analysis, the
momentum equation is solved in this flow path but its irreversible
loss coefficient is conservatively set at an arbitrary low value.

3. The enthalpies in the guide tubes and the bypass region are
calculated separately since the fuel assembly differential
pressure is influenced by flashing in these regions. 1In the ECCS
analysis, these regions are lumped together.
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3.3.6.5 Recirculation Line Break
3.3.6.5.1 Accident Definition

This accident is the same design basis LOCA as described in Section 6, Core
Standby ‘Cooling Systems, and Section 14, Station Safety Analysis. It is
assumed that an instantaneous, circumferential break occurs in one
recirculation loop (the largest liquid break).

As detailed in Section 3.3.6.5.1, the vessel depressurization rate is less for
liquid breaks (recirculation line breaks) than for steam breaks (steam line
breaks). Therefore the postulated recirculation line break accident is not
the design basis for internal pressure loads. Maximum loads occur following
the postulated steam line break and are discussed in Section 3.3.6.5.

3.3.6.5.2 Jet Pump Joints

An analysis has been performed to evaluate the potential leakage from within
the flocdable inner volume of the reactor vessel during the recirculation line
break and subsequent reflooding. The two possible sources of leakage are:

1. Jet pump throat to diffuser joint

2. Jet pump nozzle to riser joint

The jet pump to shroud support joint is welded and therefore is not a possible
source of leakage. The throat to diffuser joints for all jet pumps leak no
more than a total of 225 gal/min. The jet pump nozzle to riser joint by
analysis is shown to leak no more than a total of 225 gal/min. The jet pump
nozzle to riser joint analysis is shown to leak no more than 582 gal/min for
the pumps through which the vessel is being flooded.

The summary of maximum leakage is then:

Total leakage through all
throat to diffuser joints . . . . . . . . . o o .0 o .. 225 gpm

Total leakage through all
operational nozzle to riser joints. . . . . . . . . 582 gpm
TOTAL MAXIMUM RATE .. 807 gpm

CSCS capacity is sized to accommodate 3,000 gal/min leakage at these
locations. It is concluded that the reactor vessel internals retain
sufficient integrity during the recirculation line break accident to allow
reflooding the inner volume of the reactor vessel.
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3.3.6.6 Steam Line Break Accident
3.3.6.6.1 Accident Definition

The analysis of this accident assumes an instantaneous circumferential break
of one main steam line between the reactor vessel and the main steam line flow
restrictor. This is not the same accident as described in Section 14, Station
Safety Analysis, because greater differential pressures across the reactor
vessel internals result from this accident. It is noteworthy that this
accident results in greater loading of the reactor vessel internals and a
higher depressurization rate than does the recirculation line break. The
steam line break accident is more severe because the depressurization rate is
proportional to the mass flow rate and the difference between the fluid escape
enthalpy, he, and the saturated water enthalpy, hf. However, mass flow rate is
inversely proportional to escape enthalpy he; therefore, depressurization rate
is proportional to 1 - hf/he. Consequently, depressurization rate decreases
as he decreases. That is, depressurization is less for mixture flow
(recirculation line break) than for steam flow (steam line break).

A steam line break upstream of the flow restrictors produces a larger blowdown
area, and thus a faster depressurization rate, than a break downstream of the
restrictors. A faster depressurization rate results in greater pressure
differentials across the reactor internal structures.

To add conservatism to the analysis it is assumed that only steam is
discharged through the break; this maximizes the vessel depressurization rate
and the resultant loadings on the vessel internals.

The steam line break accident produces significantly higher  pressure
differentials across the reactor internal structures than does the
recirculation line break. This fact results from the greater reactor
depressurization rate associated with the steam line break. Therefore, the
steam line break is the design basis accident for internal pressure
differentials.

3.3.6.6.2 Effects of Initial Reactor Power and Core Flow

The maximum internal pressure loads can be considered to be composed of two
parts: a steady-state part and a transient part. For a given plant, the core
flow and the core power are the two major factors which influence the reactor
internal pressure differentials. The core flow essentially affects only the
steady-state part. For a fixed power, the greater the core flow, the larger
the steady-state pressure differentials. The core power affects both the
steady-state and the transient parts. As the power is decreased, there is
less steam generation rate and, consequently, the steady-state core pressure
differential is less. However, less voiding in the core also means that less
steam is generated to replace steam flow out of the broken steam line, thus
increasing the depressurization rate and the transient part of the maximum
pressure load. As a result, the total locads on some components are higher at
low power.
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To ensure that the calculated pressure differences are bounding, an analysis
is conducted at a low power/high recirculation flow combination in addition to
the standard safety analysis combination of high power/rated recirculation
flow. The power chosen for the low power/high recirculation flow combination
is the minimum value permitted by the recirculation system controls at rated
recirculation drive flow (that is, the drive flow necessary to achieve rated
core flow at rated power). This condition maximizes those loads which are
inversely proportional to power. It must be noted that this condition, while
possible, is unlikely; the reactor generally operates at or near full power
and, at reduced power, high core flow is neither required nor desirable.

3.3.6.7 Reactor Internals Pressure Differences at Normal, Upset, Emergency
and Faulted Condition

Table 3.3-2 summarizes the pressure differentials across the reactor internal
components for the limiting plant configuration/transient for normal, upset,
emergency and faulted conditions. As shown, the maximum pressure loads acting
on the reactor internals result from a steam line break (a faulted condition).
On most components the loads are maximum when operating at the minimum power
associated with the maximum core flow. This observation is substantiated by
the analytical comparison of liquid breaks versus steam breaks, and by the
investigation of the effects of core power and core flow.

As discussed earlier, it is possible but not probable that the reactor is
operating at this rather abnormal condition of minimum power and maximum core
flow. More realistically, the reactor is at or near a full power condition.
Thus, use of the pressure loads associated with this abnormal condition, where
maximum, introduces additional conservatism in the analysis. '

The maximum differential pressures in Table 3.3-2 are used, in combination
with other assumed structural loads as described in Appendix C, to determine
the total loading on the various reactor vessel internals. The various
internals are then examined to assess the extent of deformation and collapse,
if any. Of particular interest are the responses of the core support
assembly, the guide tubes, and the channels around the fuel bundles.

Reference 12 reevaluated pressure differences across reactor internals for
maximum extended load line limit (MELLL) region operation. The results were
bound by the design limits and have adequate design margin for operation in
the MELLL region.

3.3.6.7.1 Core Support

The core support assembly sustains the maximum net force, which is an upward
force following the steam line break accident, so the effect on the core
support holddown bolts must be established. Analysis shows that the applied
stresses are about 1/2 of yield strength for the bolts, indicating that the
core support can withstand the effects of the accident.
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In RFO #10 a reactor shroud repair was implemented as described in Section
3.3.4.1.1. The design loads for the shroud stabilizers included seismic plus
main steam line break accidents. The effect of the shroud repair on the
reactor pressure vessel was analyzed and the results included in a stress
report that is an addendum to the original design stress report for the
reactor pressure vessel. The shroud stabilizers change the points of
application of the forces applied to the vessel from the shroud. There are
new forces applied to the pressure vessel from the shroud stabilizer springs
and a change in the forces applied from the existing shroud support plate and
gussets to the vessel wall. These new and revised forces were combined with
the forces defined in the original vessel design stress report and analyzed
per the original reactor pressure vessel Code of Construction. The analysis
concluded that all stresses within the reactor pressure vessel remain within
their allowable limits.

3.3.6.7.2 Guide Tubes

Because of the externally applied pressure, the guide tube is examined for
collapse. As in the case of the lower shroud and core support assembly, a
number of formulae are utilized to calculate the collapse pressure.
Unfortunately, the Winderberg test is not applicable because the geometry of
the guide tube is outside of the test range. Use of ASME curves indicates the
extreme sensitivity to wall thickness. For the minimum wall thickness for a
10 in Schedule 10 pipe, the ASME curves give a collapse load of 45 psi. Using
the average wall thickness, the collapse pressure is increased to over 70 psi.
Using empirical relations for tubes over the critical length, the calculated
collapse pressure is over 100 psi. The ASME curves calculate that the
collapse pressure is reached at 54 psi for a wall thickness of 0.150 in, which
is 6 mils over the minimum for a 10 in Schedule 10 pipe. The calculated total
loading for the guide tubes is considerably below the collapse loading, and it
can be concluded that nc failure occurs. The analysis also indicates that the
control rods are 70 percent to 80 percent inserted at the time the maximum
external pressure is applied to the guide tubes.

3.3.6.7.3 Fuel Channels

The BWR Zircaloy fuel channel performs the following functions:

a. forms the fuel bundle flow path outer periphery for bundle coolant flow;
b. provides surfaces for control rod guidance in the reactor core;
C. provides structural stiffness to the fuel bundle during lateral loadings

applied from fuel rods through the fuel spacers;

d. minimizes, in conjunction with the finger springs and bundle lower tie
plate, coolant bypass flow at the channel/lower tie plate interface;

e. transmits fuel assembly seismic loadings to the top guide and fuel
support of the core internal structures;
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f. provides a heat sink during loss-of-coolant accident (LOCA); and
g. provides a stagnationﬂenvelope for in-core fuel slipping.

The channel is open at the bottom and makes a sliding seal fit on the lower
tie plate surface. The upper end of the fuel assemblies in a four-bundle cell
are positioned in the corners of the cell against the top guide beams by the
channel fastener springs. At the top of the channel, two diagonally opposite
corners have welded tabs, one of which supports the weight of the channel from
a threaded raised post on the upper tie plate. One of these raised posts has
a threaded hole. The channel is attached using the threaded channel fastener
assembly, which also includes the fuel assembly positioning spring. Channel-
to-channel spacing is provided for by means of spacer buttons located on the
upper portion of the channel adjacent to the control rod passage area.
Reference 4 provides a complete description and analytical results for
channels supplied by the General Electric Company (GE). The channels supplied
by other wvendors have been evaluated and are predicted to behave in a similar
fashion as GE supplied channels.

3.3.6.8 Thermal Shock

The most severe thermal shock effects for the reactor vessel internals result
from the reflooding of the reactor vessel inner volume. For some vessel
internals, the limiting thermal shock occurs from LPCI operation and for
others HPCI operation is controlling, dependent upon the location of the
component. These effects occur as a result of any large LOCA, such as the
recirculation line break and the steam line break accidents previously
described.

The locations are as follows:
1. Shroud support plate

The peak strain resulting in the shroud support plate is about 6.5 percent.
This strain is higher than the 5.0 percent strain permitted by the ASME Code,
Section II1I, for 10 cycles, but the 1 cycle, peak strain corresponds to about
6 allowable cycles of an extended ASME Code curve as applied to less than 10
cycles. :

Figure 3.3-9 illustrates both the ASME Code curve and the basic material
curves from which it was established (with the safety factor of 2 on strain or
20 on cycles, whichever is more conservative). The extension of the ASME Code
curve represents a similar criteria to that used in the ASME Code, Section
ITI, but applied to fewer than 10 cycles of loading. For this Type 304
stainless steel material, a 10 percent peak strain corresponds to one
allowable cycle of loading. Even a 10 percent strain for a single cycle
loading represents a very conservative suggested limit because this has a
large safety margin below the point at which even minor cracking is expected
to begin. Because the conditions which lead to the calculated peak strain of
6.5 percent are not expected to occur even once during the entire reactor
lifetime, the peak strain is considered tolerable.
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2. Shroud to shroud support plate discontinuity

The results of the analysis of the shroud to shroud support plate
discontinuity region are as follows:

Amplitude of alternating stress. 180,000 psi
Peak strain. 1.34 percent

The ASME Code, Section III, allows 220 cycles of this loading, thus no
significant deformations result.

3. Shroud inner surfaces at highest irradiation zone

By the end of station life, the peak thermal shock stress is 155,700 psi,
corresponding to a peak strain of 0.57 percent. The shroud material is Type
304 stainless steel, which is not significantly affected by irradiation. The
material does experience a loss in reduction of area. Because reduction of
area is the property which determines tolerable local strain, irradiation
effects can be neglected. The peak strain resulting from thermal shock at the
inside of the shroud represents no loss of integrity of the reactor vessel
inner volume.

3.3.6.9 Earthquake

The seismic loads on the RPV and internals, due to horizontal motion, are
based on a dynamic analysis of the RPV and internals model. Seismic analysis
is performed by coupling this lumped mass model of the RPV, and internals with
the building soil structure model to determine the system natural frequencies
and mode shapes. The relative displacement, acceleration, and load response
of the RPV and internals are then determined by either the time history method
or the response spectrum method. In the time history method, the dynamic
response is determined for each mode of interest and added algebraically for
each instant of time. Resulting response time histories are then examined and
the maximum value of displacement, acceleration, shears, and moments. are used
for design calculations. In the response spectrum method, the relative
displacements, accelerations, shears, and moments are determined for each mode
of interest. The square root of the sum of squares (SRSS) of these individual
- responses 1s then used for design calculations. Since the RPV and its
internal system are made up of many separate components, there are many
natural frequencies spaced closer than the natural frequencies of single
component structures. When the time history method of seismic analysis is
used as it is on Pilgrim, the physical displacements, accelerations, shears,
and moments due to each mode are added algebraically at each instant of time
and, hence, no criteria concerning the method of combining loads due to
closely spaced modal frequencies needs to be set. When the response spectrum
method of seismic analysis is used, it can be argued that, for very closely
spaced frequencies, the peak modal response may occur at practically the same
time and hence, the absolute sum (instead of SRSS) of the contributions from
each mode should be taken. However, this argument overlooks the fact that
signs of the mode shapes and participation factors of two neighboring modes,
may be such that the load contribution from these modes subtract from one
another instead of reinforcing one another, in parts of the structure. If
this occurs, the loads would be definitely lower than the loads from an
absolute sum.
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The best indication of the adequacy of the SRSS method of combining modal load
contributions is a comparison of the results from time history methods, and
from response spectrum methods with SRSS load combinations and smoothed
spectra. Such comparisons for the RPV and internals in BWR plants generally
show that the loads determined by both methods are comparable in magnitude
with the loads determined by the response spectrum method, being generally on
the high side. Therefore, it may be concluded that the SRSS method of
combining loads is adequate even for closely spaced modes.

The natural frequencies of the reactor internals, reactor vessel, and pedestal
system in the vertical direction have been found to be approximately 20 Hz.
Examination of the response spectra shows no significant amplification at this
frequency. Hence, omitting the vertical motion from seismic analysis to
reduce the analytical complexities is acceptable. The effects of vertical
excitations are accounted for by increasing or decreasing (whichever causes
higher stress) the weight of the various components by a percentage equal to
the vertical acceleration expressed in percent g.

The coupling of the vertical and lateral motions will cause an extremely small
change in the bending moment experienced by some components. Since this
change is a very small fraction of the moment caused by lateral moment, it can
be neglected.

The stresses caused by the combined Safe Shutdown Earthquake and the LOCA
conditions have been compared with and found to be within the Appendix C
primary stress limits for faulted conditions.

To demonstrate that the reactor vessel internals can adequately resist the
stresses resulting from an earthquake, a 1.0g lateral force was assumed. This
does not mean that the Operating Basis Earthquake, which is used in
combination with the accident loadings described (see Appendix C) is of this
magnitude, but that the assumption of 1.0g lateral force is more than adequate
to demonstrate the capabilities of the reactor vessel internals. For the
reactor shroud, this analysis was superseded by the stress and seismic
analyses performed subsequently as part of the shroud repair.

In RFO #10, a reactor shroud repair was implemented as described in Section
3.3.4.1.1. The design loads for the shroud stabilizers included seismic plus
main steam line break accidents. The seismic analysis was done with a lumped
mass and beam element two-dimensional finite element model of the entire
reactor building and reactor vessel structure. To be consistent with the
original design basis seismic analysis, the model has a single horizontal
translational degree of freedom for each node. The model included in the
reactor internals with elements to represent the fuel, guide tubes and shroud.
The model was first benchmarked against the original GE seismic analysis. The
shroud repair was then added to the model by inserting two linear spring
elements representing the upper and lower shroud stabilizer springs and a
single rotational spring element to represent the four tie rods by an
equivalent restraint against the shroud horizontal (overturning) movement.
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The seismic analysis was done via the time history with modal superposition
method. The ground motion input was done using both a Housner Response
Spectrum synthetic time history per FSAR requirements shown in FSAR Figures
2.5-5 (OBE) and 2.5-6 (SSE), and a Taft earthquake time history consistent
with the original seismic analysis. The shroud stabilizer design loads
conservatively bound the higher of either the Housner or Taft responses.

The shroud stabilizers limit the displacement of the top guide and core
support plates in the horizontal and vertical directions. The displacement
limits were specified by General Electric based on analytical and empirical
data on the ability to insert control rods with both transient and permanent
displacements of the top guide and core support plate. The safety factors
from Table C.3-6 were applied to the maximum displacement limits for the
upset, emergency, and faulted conditions.

It can be concluded that earthquake forces do not cause deformations of the
reactor vessel internals sufficient to prevent the insertion of control rods,
the proper operation of the CSCS, or the proper flooding of the inner volume
of the reactor vessel.

3.3.6.10 Impact of Increased Core Flow (ICF) and Final Feedwater Temperature
Reduction (FFWTR) on Reactor Internal Components

To support plant operation at 107.5% of rated recirculation flow, a safety
analysis of the reactor internal components was performed to verify that the
expected structural loading increases remain within the safety design bases
limits. The analysis includes ICF with both normal feedwater temperature

Feedwater temperature affects the steady state and transient components of the
pressure differentials differently. A reduction in feedwater temperature
decreases the steady state component due to a reduced void fraction and a
corresponding reduction in two-phase friction effects. However, a reduction
in feedwater temperature increases the transient portion of the pressure
differentials due to the reduced steam generation rate and the corresponding
increase in the depressurization rate during a LOCA event (see Section
3.3.6.5.2). When effects on the steady state and transient components are
combined, it turns out that the reduced feedwater temperature increases the
overall pressure differential across the reactor components located in high
steam environments, i.e. above the core region. These reactor internals are
typically the top guide, upper shroud, shroud head and steam dryer. The loads
for these components are limiting at the reduced feedwater temperature
condition. At or below the core region, where the environment is mostly in a
liquid or low steam quality state, the reduced feedwater temperature has
negligible overall impact on the reactor components. These components include
the shroud support, core plate, and fuel channels. For these components, the
limiting loads are still experienced at normal feedwater temperatures.

A review was made of the effect of 75°F feedwater temperature reduction on
reactor internals pressure differentials (RIPDs). The conclusion was that
“normal” and “upset” RIPDs were not adversely affected, and the increase on
LOCA RIPDs (<2%) over the 43°F case was very small relative to the margin
existing, in the design. This review is documented in General Electrics
design record file (J11-02368, Reference 11).
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3.3.6.10.1 Reactor Internals

The reactor internals most affected by pressure differences under increased
core flow conditions are the core plate, guide tube, shroud support, shroud
and top guide. These components were evaluated under normal, upset,
emergency, and faulted conditions. The pressure differentials for these
components during increased core flow operation were found to produce stresses
that are within the allowable limits of the safety design bases.

3.3.6.10.2 Fuel Channels

The fuel channels were also evaluated under normal, upset, emergency and
faulted conditions for increased core flow and/or FFWTR. The channel wall
pressure differentials were found to be within the allowable design values.

3.3.6.10.3 Fuel Bundles

The margin to fuel bundle 1lift was re-evaluated for increase core flow
operation and/or FFWTR. The analysis considered the added bundle 1lift
component due to increased core flow, with and without FEWTR, in addition to
the effect of the design basis LOCA, the control rod friction force due to
scram and the design-basis earthquake. The fuel bundle minimum lift margin
was found to be 135 pounds (net downward force on fuel bundle) during the
worst-case faulted event from rated operating conditions (a steamline break at
102% power, 107.5% flow). This analysis found the effect of increased core
flow with or without FFWTR to yield acceptable results in terms of avoiding
fuel bundle lift.

3.3.6.11 Conclusions

The analyses of the responses of the reactor vessel internals to situations
imposing various loading combinations on the internals show that deformations
are sufficiently limited to allow both adequate control rod insertion, and
proper operation of the CSCS. Sufficient integrity of the internals is
retained in such situations to allow successful reflooding of the reactor
vessel inner volume. The analyses considered various loading combinations,
including loads imposed by external forces. Thus, safety design bases 1, 2,
and 3 are satisfied.

These conclusions extend to plant operation at rated core flow and increased
core flow with and without final feedwater temperature reduction.

3.3.7 Inspection and Testing

Quality control methods are used during the fabrication and assembly of
. reactor vessel internals to assure that the design specifications are met.

The Reactor Coolant System (RCS), which includes the reactor vessel internals,
is thoroughly cleaned and flushed before fuel is loaded initially.
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During the preoperational test program, operational readiness tests are
performed on various systems. In the course of these tests such reactor
vessel internals as the feedwater spargers, the core spray lines, the vessel
head cooling spray nozzle, and the SLCS line are functionally tested.

A vibration analysis of reactor vessel internals was performed in the design
to reduce failures due to vibration. With this analysis as a guide, the
reactor internals are instrumented and tested to ascertain that there are no
gross instabilities. Field test data are correlated with the analysis to
ensure validity of the analytical techniques on a continuing basis. For
vibration testing of reactor vessel internals, refer to Section 3.3.5.2.

The reactor vessel and internals are designed to assure adequate working space
and access for inservice inspection. The criteria for selecting the components
and locations to be inspected are based on the probability of a defect
occurring or enlarging at a given location, and includes areas of known stress
concentrations and locations where cyclic strain or thermal stress might
occur. When practical, 100 percent inspection is planned at these locations;
however, in cases where access is difficult, hazardous, or limited, it is
planned to inspect a statistically significant portion. The type of
inspection planned at each location is dependent on the type and location of
defects anticipated.
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3.4 REACTIVITY CONTROL MECHANICAL DESIGN
3.4.1 Safety Objective

The safety objective of the reactivity control mechanical design is
to provide a means to quickly terminate the nuclear fission process
in the core so that damage to the fuel barrier is limited.

3.4.2 Safety Design Basis

1. The reactivity control mechanical design includes control
rods. Each control rod:

a. Has sufficient mechanical strength to prevent the
displacement of their reactivity control material.

b. Has sufficient strength and are of such design as to
prevent deformation that could inhibit their motion.

c. Includes a device to limit its free fall velocity to
such a rate that the nuclear system process barrier is
not damaged due to a pressure increase, caused by the
rapid reactivity increase resulting from the free fall
of one control rod from its fully inserted position.

2. The reactivity control mechanical design provides for a
sufficiently rapid insertion of control rods so that no fuel
damage results from any abnormal operating transient.

3. The reactivity control mechanical design includes positioning
devices, each of which individually supports and positions a
control rod. Each positioning device:

a. Prevents its control rod from withdrawing as a result of
a single malfunction

b. Avoids conditions which could prevent its control rod
from being inserted

C. Is individually operated such that a failure in one
positioning device does not affect the operation of any
other positioning device

d. Is individually energized when rapid control rod
insertion (scram) is signaled so that failure of a power
source external to the positioning device does not
prevent other control rods from being inserted

e. Is locked to its control rod to prevent undesirable
separation
4, The reactivity control mechanical design includes reactivity

control devices (control rods and initial core control
curtains) which contain and hold the reactivity control
material necessary to maintain the core at least 1 percent A
k/k subcritical with the highest worth rod in the fully
withdrawn position.
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3.4.3 Power Generation Objective

The power generation objective of the reactivity control mechanical
design provides a means to control power generation in the fuel.

3.4.4 Power Generation Design Basis

The reactivity control mechanical design includes provisions for
adjustment of the control rods to permit control of power generation
in the core.

3.4.5 Description

The reactivity control mechanical design consists of control rods
which can be positioned in the core during power operation by
individual control rod drive (CRD) mechanisms.

The CRD mechanisms are part of the CRD systemn. The CRD system
hydraulically operates the CRD mechanisms using water from the
Condensate and Demineralized Water Storage and Transfer System as a
hydraulic fluid. The CRD mechanisms manually position the control
rod during normal operation but act automatically to rapidly insert
the control rods during abnormal (scram) conditions.

The control rods, CRD mechanisms, and that part of the CRD Hydraulic
System necessary for scram operation are designed as seismic Class I
equipment in accordance with Appendix C.

3.4.5.1 Reactivity Control Devices

3.4.5.1.1 Control Rcds

The control rods perform the dual function of power shaping and

reactivity control. See Figure 3.4-2. Power distribution in the
core 1is controlled during operation of the reactor by manipulation
of selected patterns of control rods. The control rods are

positioned in a manner which counterbalances steam void effects at
the top of the core and results in significant power flattening.

The control rods are 9.75 inches in total span and are located
uniformly through the core on a 12 inch pitch. Each control rod is
surrounded by four fuel assemblies.

Control rods in the following categories are used:

Standard control rods that maintain the same dimensions
and characteristics as the original equipment control
rods.

Hybrid control rods that maintain the same external
dimensions as the original control rods and utilize
hafnium in the blade tips and wing edges to improve
nuclear and mechanical lifetimes. These control rods
are the Duralife 160 series described in Reference 7.
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Hybrid control rods that introduce a larger diameter
absorber tube to obtain a greater 1load of neutron
absorber material. These control rods are the Duralife
230 series described in Reference 8.

Hybrid control rods that replace the sheath-enclosed
absorber tube with square tubes welded together to form
each wing. The square tubes contain hafnium in the wing
tips and encapsulated boron carbide elsewhere. These
control rods are the Marathon D series described in
Reference 11.

All of the above control rods have been designed to ensure
interchangeability with the original equipment control rods
from both the reactivity perspective, system performance, and
mechanical fit. The reactivity worth 1is approximately
identical (within + 5%) to the original equipment control rods
and can be used interchangeably without affecting lattice
physics, core reload analyses or core monitoring software.

The nuclear lifetime of the standard control rod is determined by
the burnup of Boron-10 from neutron absorption. The nuclear
lifetime limit of the standard equipment control rod is reached when
depletion results in a 10 percent reduction in the reactivity worth
of any quarter axial segment of the control rod relative to its zero
depletion cold worth. The nuclear lifetime of a replacement
control rod is defined as the quarter-segment depletion at which the
cold worth is the same as the end-of-nuclear life cold worth of the
standard control rod it replaces. For example, if a replacement
control rod has an initial cold worth 4% greater than the standard
control rod, then it may be depleted to a reduction of 14% from its
initial cold worth. Additional details are provided in Reference 9.

In order to maintain the nuclear lifetime discussed above,
each control rod design must ensure the absorber material

remains capable of performing its function. The design bases
for control rod mechanical lifetime is based on maintaining
absorber tube integrity. The mechanical lifetime limit 1is

reached when the depletion-induced B,C swelling or  tube
pressurization results in stresses in any absorber tube of the
control rod in excess of the yield stress. For those designs that
incorporate hafnium as a poison, there are no mechanically based
lifetime limiting mechanisms associated with hafnium. Additional
details are provided in Reference 9.

The plant computer is used to track total accumulated exposure
for each quarter segment of each control rod in the reactor
core, Percent Boron-10 depletion is calculated for each
control rod Dbased on conversion factors that correlate
accumulated exposure to percent Boron-10 depletion (Reference
2 and 9). Recommended limits in terms of percent Boron-10
depletion from the manufacturer are adhered to as provided in
the current revision of Reference 9.
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Standard Control Rod

The main structural member of a control rod is made of Type 304
stainless steel and consists of a top casting which incorporates a
handle, a bottom casting which incorporates a velocity limiter and
control rod drive coupling, a vertical cruciform center post, and
four U-shaped absorber rod sheaths. The two end castings and the
center post are welded into a single skeletal structure. The U-
shaped sheaths are resistance welded to the center post and castings
to form a rigid housing to contain the absorber rods. Rollers at
the top and the bottom of the control rod provide guidance for the
control rod as it is inserted and withdrawn from the core. The
control rods are cooled by the fuel assembly bypass flow.

The U-shaped sheaths are perforated to allow the coolant to freely
circulate about the absorber rods. Operating experience has shown
that control rods constructed as described above are not susceptible
to dimensional distortions, as required by safety design basis 1.b.

The absorber rods in a standard control rod are comprised entirely
of boron carbide (B,C) powder in stainless steel tubes. The boron
carbide (B,C) powder in the absorber tubes is compacted to about 70
percent of its theoretical density; the boron carbide contains a
minimum of 76.5 percent by weight natural boron. The Boron-10 (BY)
content of the boron is 18.0 percent by weight minimum. The
absorber tubes are made of Type 304 stainless steel. An absorber
tube has a 0.188 inch outside diameter and a 0.05 inch wall
thickness. An absorber tube is sealed by a plug welded into each
end. The boron carbide is separated longitudinally into individual
compartments by stainless steel balls at approximately 16 inch
intervals. The steel balls are held in place by a slight crimp of
the tube. Should the boron carbide tend to compact further in
service, the steel balls will distribute the resulting voids over
the length of the absorber tube.

If the control rod blades are subjected to sufficient exposure to
cause approximately 50 percent local depletion of the poison tube
Boron-10 (BY), the potential for tube cracking and boron leaching
exists. (See References 1, 2, 3 and 4). Local depletion levels are
measured in 6-inch axial segments.

The cracking is due to stress corrosion induced by solidification of
boron carbide (B,C) particles and swelling of the compacted B4C as
helium and lithium concentrations grow. Once primary coolant
penetrates the cladding (i.e. the cracking has progressed through
the cladding wall and the helium-lithium pressures are sufficient to
open the crack), boron is leached out of the tube. The cracking and
boron loss shorten the design life of the control rod. To extend
the control rod mechanical lifetime, the absorber rod at the outer
end of each control rod blade is constructed in two half-length
sections.

Since the control rods enter from the bottom of the core, the
neutron exposure of the control rods is skewed towards the top half
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of the control rod. The absorber rod at the outer edge of each
blade of the control rod receives more neutron irradiation than any
other rod in the blade. Neutron irradiation is significantly less
for each absorber rod located closer to the center of the control
rod. The absorber rod tubing at the lower end of the control rods
undergoes negligible fast flux irradiation and, as a result, retains
its initial annealed material properties throughout the lifetime of
the control rods. Thus, the allowable design stress for all
absorber rod tubes which extend into the bottom end of the control
rod is based upon the mechanical properties of fully annealed Type
304 stainless steel. The tubing of the top half length absorber rod
undergoes full irradiation strengthening such that the allowable
design stress for this tube 1is determined by the mechanical
properties of fully irradiated material. Thus, by making the outer
absorber rod in two sections, the absorber rod tube with the highest
internal pressure benefits from a higher allowable design stress.
As a result, the mechanical lifetime of the control rod is extended.

The standard control rods meet the requirements of safety design
basis 1l.a.

Hybrid Control Rod

The principle design change in the hybrid control rod is the use of
hafnium absorber rods in place of B,C absorber rods in selected
high-flux locations. Hafnium is a proven long-life absorber that
does not swell during reactor service. Each hybrid control rod
contains a total of twelve hafnium absorber rods, three per control
rod wing, located as shown in Figure 3.4-14. The number of hafnium
rods was determined by establishing an acceptable local boron
depletion limit for B,C absorber rods and then placing hafnium in
locations where local burnup exceeded this limit. The local
depletion limit for the B, C absorber rods was maximized since
hafnium increases both the weight and cost of the control rod.

Besides the use of hafnium, hybrid control rods are improved over
standard control rods by:

1) substitution of high-purity Type 304 stainless steel
absorber tubes in place of commercial-quality Type 304
stainless steel and

2) substitution of new pin and roller materials in place of
cobalt-bearing stellite.

High-purity Type 304 stainless steel is more resistant to stress
corrosion cracking than commercial-quality Type 304 stainless steel.
Stress corrosion cracking is a precursor to Dboron leaching.
Elimination of cobalt-bearing stellite yields lower end-of-life
gamma activity and attendant reductions in personnel exposures and
radionuclide disposal requirements.

Except for the thickness of the sheath material, the dimensions of

the hybrid control rod are identical to the dimensions of the
standard control rod. The sheath material thickness is reduced by
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22 mils to offset the greater weight of the hafnium absorber rods.
Gross weights of the hybrid and standard control rods are identical.
The dimensional similarity of the hybrid control rod makes this rod
compatible with NSSS hardware designed for the standard control rod.

The reactivity worth is approximately identical (within + 5%) to the
original equipment control rods and can be used interchangeably
without affecting lattice physics, core reload analyses or core
monitoring software.

Operational lifetime of the hybrid control rods is determined by the
same set of nuclear and mechanical design constraints as with the
standard control rod.

The hybrid control rods meet the requirements of Safety Design Basis
l.a.

Model Duralife 230

The General Electric Model Duralife 230 (D230) Control Blade is an
extension of the Hybrid Design described above with improvements.
See Figure 3.4-15. Improvements to and differences from the Hybrid
Blade can be used to describe the D230 blade. The three hafnium
rods in each hybrid wing have been replaced by a solid strip of
hafnium in the D230. The D230 also has a six inch plate of hafnium
atop each wing. As in the hybrid blade, the D230 uses hafnium in
areas where the thermal flux tends to be the highest for the same
reasons. Mechanically and dimensionally, the D230 blade is very
similar to the hybrid blade. B,C tubing is a larger diameter and
the sheath thickness 1s the same as the hybrid (0.045 inch) which
does not quite compensate for the larger diameter B,C tubing.
Therefore, the wing thickness is 0.012 inch thicker than the
original blade. The entire D230 is manufactured from low cobalt
stainless steels.

The reactivity worth is approximately identical (within + 5%)
to the original equipment control rods and can be used
interchangeably without affecting lattice physics, core reload
analyses or core monitoring software.

Operational lifetime of the hybrid control rods is determined by the
same set of nuclear and mechanical design constraints as with the
standard control rod.

The Mcdel D230 control blade meets the requirements of Safety Design
Basis l.a. (Reference 8)

Model Marathon D

The General Electric Marathon D control rod is an extension of the
hybrid design described above with improvements. The Marathon
design is directly interchangeable with previously installed control
rod designs: Standard, Hybrid or D230. The essential difference
between the Marathon control rod and the D230 design is replacement
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of the absorber tube and sheath arrangement with an array of square
absorber tubes, which results in reduced weight and increased
absorber volume. The absorber tubes are welded together lengthwise
to form the four wings of the control rod. Empty absorber tubes may
be used near the tie rods to obtain the desired reactivity worth.
The square tubes are circular inside and are or may be loaded with
empty capsules, or capsules containing boron carbide or hafnium.
Empty capsules are used to provide a plenum for helium released
during boron carbide burnup. The boron carbide is contained in
separate stainless capsules to prevent its migration. The capsules
securely contain the boron carbide while allowing the helium to
migrate through the absorber tube.

The reactivity worth is approximately identical (within + 5%)
to the original equipment control rods and can be used
interchangeably without affecting lattice physics, core reload
analyses or core monitoring software.

Operational lifetime of the Marathon control rod is determined by
the same set of nuclear and mechanical design constraints as with
the standard control rod. GE Hitachi Inc. has substituted Marathon
D with M7 control rods, which are essentially identical to Marathon
D, except that they have spacer pads instead of pins and rollers to
avoid cracking/corrosion problems with pin-holes. GE Hitachi Inc.
has substituted Marathon D with Marathon Ultra HD (High Duty)
control rods. The Marathon Ultra HD control rods are functionally
equivalent to the Marathon D blades. The Marathon Ultra designs
eliminate swelling induced strains on the outer absorber tube by
resizing the inner capsule diameter. Marathon Ultra are designed
such that a diametric clearance exists between the inner capsule and
the outer absorber tube at 100% local Boron-10 depletion, worst-case
capsule and absorber tube dimensions, and upper bound +3, boron
carbide swelling rates. Capsule cross—-sectional geometry provides a
larger gap between the inner capsule and the outer absorber tube.
Therefore, Marathon Ultra HD control rods have more tolerance to the
stress corrosion cracking phenomenon than Marathon D control rods
leading to longer blades lifetime. The Marathon Ultra HD control
rods have been approved by NRC. (Reference 12)

The Marathon D control blade meets the requirements of Safety Design
Basis l.a. (Reference 11).

3.4.5.1.2 Control Rod Velocity Limiter

The control rod velocity limiter is an integral part of the bottom
assembly of each control rod. This Engineered Safeguard protects
against a high reactivity insertion rate by limiting the control rod
velocity in the event of a control rod drop accident. It is a one
way device in that the control rod scram velocity is not
significantly affected, but the control rod dropout velocity is
reduced to a permissible limit. See Figures 3.4-3 and 3.4-4.

The velocity limiter is in the form of two nearly mated conical

elements that act as a large clearance piston and baffle inside the
control rod guide tube over the length of the control rod stroke.
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The hydraulic drag forces on a control rod are approximately
proportional to the square of the rod wvelocity and are negligible
during normal rod withdrawal or rod insertion. However, during the
scram stroke the rod reaches high velocity and the drag forces could
become appreciable.

To limit control rod velocity during dropout but not during scram,
the velocity limiter is provided with a streamlined profile in the
scram (upward) direction. Thus, when the control rod is scrammed,
the velocity limiter assembly offers little resistance to the flow
of water over the smooth surface of the upper conical element into
the annulus between the guide tube and the limiter. 1In the dropout
direction, however, water 1is trapped by the lower conical element
and discharged through the annulus between the two conical sections.
Because this water is jetted in a partially reversed direction into
water flowing upward in the annulus, a severe turbulence is
created, thereby slowing the descent of the control rod assembly to
less than 5 ft/sec at 70°F.

3.4.5.2 Control Rod Drive Mechanisms

The CRD mechanism (drive), used for positioning the control rod in
the reactor core, 1is a double acting, mechanically latched,
hydraulic cylinder using water from the Condensate and Demineralized
Water Storage Transfer System as its operating fluid. The
demineralizer system is the preferred source because of reduced
conductivity and oxygen content. See Sections 11.7 and 11.9. The
individual drives are mounted on the bottom head of the reactor
pressure vessel. Each drive is an integral unit contained in a
housing extending below the reactor vessel. The lower end of each
drive housing terminates in a flange to which the drive is bolted.
The drives do not interfere with refueling and are operative even
when the head is removed from the reactor vessel. The drives are
accessible for inspection and servicing. The bottom location makes
maximum utilization of the water in the reactor as a neutron shield
giving the least possible neutron exposure to the drive components.
The use of condensate or demineralizer water as the operating fluid
eliminates the need for special hydraulic fluid. Drives are able to
utilize simple piston seals since the leakage does not contaminate
the reactor vessel and helps cool the drive mechanisms. See Figures
3.4-3, 3.4-5, 3.4-6, and 3.4-7.

The drives are capable of inserting or withdrawing a control rod at
a slow controlled rate for reactor power level adjustment, as well
as providing rapid insertion when required. A locking mechanism on
the drive allows the control rod to be locked at every 6 in of
stroke over the 12 ft length of the core.

A coupling at the top end of the drive index tube (piston rod)
engages and locks into a mating socket at the base of the control
rod

The weight of the control rod is sufficient to engage and lock this
coupling. Once locked, the drive and rod form an integral unit
which must be manually unlocked by specific procedures before a
drive and its rod can be separated; this prevents accidental
separation of a control rod from its drive.
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Each drive positions its control rod in 6 in increments of stroke,
and holds it in these distinct latch positions until actuated by the
hydraulic system for movement to a new position. Indication is
provided for each rod that shows when the insert travel limit or
‘withdraw travel limit is reached. An alarm annunciates when the
withdraw overtravel limit on the drive is reached. Normally, the
control rod seating at the lower end of its stroke prevents the
drive withdraw overtravel limit from being reached. If the drive
can reach the withdrawal overtravel 1limit, it indicates that the
control rod is uncoupled from its drive. The over travel limit
alarm allows the coupling to be checked.

The positions of the drive selected for movement, together with
positions of three (or less) adjacent drives, and Local Power Range
Monitor signals in the wvicinity of the selected drive, are
continuously -displayed as described in Section 7.5, Neutron
Monitoring System. The selected rod is indicated by a status light.
The positions of all drives not selected for movement are
continuously monitored for motion. A change in drive position
(drive drifting) initiates an audible alarm and indicates the faulty
drive. The rod position information received from the drive position
indicator probes are processed by the Rod Position Indicator System
(RPIS), and distributed to various displays, annunciators, and the
computer.

The status of all drives, scram valves, and accumulators are
continuously indicated by panel 1lights. The indicated status
include the following:

- Drive fully inserted

- Drive fully withdrawn

- Drive selected for movement

- Drive drifting (position change when not selected)
- Scram valve not closed

- Accumulator trouble (low pressure and/or leak)

In addition to the above, an annunciator signal is also produced by
a rod overtravel.

Status indicators are differentiated by location and color in order
to minimize operator error. The indicator arrangement is such as to
graphically depict the actual location of rods in the reactor core.
The position signals of selected drives, together with a drive
identification signal, are provided for recording by a computer in
accordance with the requirements of Section 7.16, Process Computer.
The acquisition of a position signal by the computer does not
interrupt the position indication.

The previous CRD design (Model 7RDB144-A2) used on other reactors
utilized an inner filter which is attached to the lower end of the
coupling spud. In this location, the inner filter moved with the
moving drive whenever the CRD was normally inserted and withdrawn or
scrammed. During scram, the downward forces on the CRD index tube
was minimized by passing water through the inner filter at low
pressure drops. In this location, if the resistance to flow through
this inner filter increased due to various degrees of plugging, the
pressure drop across the inner filter increased, resulting in
increased downward force on the CRD index tube and consequent
increase in scram times.
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The Pilgrim CRD design (Model 7RDB144-Bl) has changed the location
of the inner filter from the moving spud to stationary location on
top of the stop piston assembly. In this location, the inner filter
is no longer a part of the moving drain line, and consequently, if
plugging of this filter should occur, it will not affect scram
times. In the previous location, the inner filter passed seal
leakage water plus the necessary water to fill the volume between
the stop piston seals and the inner filter. In the Pilgrim’
location, the inner filter must only pass seal leakage water. The
location of the new inner filter design in the CRD is shown on
Figure 3.4-8.

The effectiveness and reliability of this design modification was
demonstrated under field conditions by surveillance, and testing
performed during the preoperational and startup programs. Those
informal surveillance procedures which demonstrated their
effectiveness in diagnosing degradation of drive scram performance,
due to dirt accumulation, were modified to improve their
effectiveness and formalized by incorporation in the preoperational
and startup testing program. These surveillance test procedures
supplement the tests which demonstrate conformance with operating
techniques specification limits, and are designed to detect changes
in scram performance. The principles on which the surveillance
tests were based are as follows:

1. A sample of all operable installed drives will be
periodically tested to measure a characteristic scram
performance parameter which will be evaluated for
significant changes. Indication of a change suggesting
performance degradation will require additional testing
to determine the extent and cause of the fault

2. The sample size and acceptance limits were chosen to
provide at least a 95 percent confidence that a change
in performance is detected with 5 percent chance of
making a false assumption of change. The basis for the
choice of sample size and acceptance limits 1is the
observed statistical characteristics of the results of
the performance demonstration tests of the drives.
Experience indicates that a sample size of 15 to 25 is
adequate

3. The sample contains drives uniformly distributed in the
core and are reconstituted for each successive
measurement to measure the entire core progressively.
With this routine sample is measured those drives which
exceed the normally anticipated performance limits and
therefore require continued surveillance

The characteristic parameter of drive scram performance
that yields the greatest accuracy and is most indicative
of drive condition, is the time required to reach 90
percent stroke insertion at rated vessel pressure (1,000

psig)
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Following the low vessel pressure scram performance tests of the
preoperational test program, and before power operation, the scram
performance of all drives at rated vessel pressure was measured and
compared with ©predicted performance and operating technical
specifications. This demonstration test was used as a basis for
setting surveillance limits.

Thereafter, surveillance tests of a drive sample were performed
before zero power and before each power increase during the startup
program. Furthermore, during the startup program, periodic
surveillance tests were performed at 4, 8, and 16 week intervals,
continuing at 16 week intervals until the startup program was
finished. In the event of a shutdown requiring vessel head removal
or extensive work on the major reactor systems during the startup
program, a performance measurement was required on all drives before
resuming power operation, and the surveillance test of drive samples
reverted to the 1, 2, 4, 8, and 16 week intervals until the startup
program was finished.

3.4.5.2.1 Components

Figure 3.4-5 illustrates the principle of operation of a drive.
Figures 3.4-6 and 3.4-7 illustrate the drive in more detail.
Following is a description of the main components of the drive and

their functions.

Drive Piston and Index Tube

The drive piston is mounted at the lower end of the index tube which
functions as a piston rod. The drive piston and index tube make up
the main moving assembly in the drive. The drive piston operates
between positive end stops, with a hydraulic cushion provided at the
upper end only. The piston has both inside and outside seal rings
and operates in an annular space between an inner cylinder (fixed
piston tube), and an outer cylinder (drive cylinder).

The effective piston area for down travel or withdraw is about 1.2
in® versus 4.0 in? for up travel or insertion. This difference in
driving area tends to balance out the control rod weight, and makes
it possible to always have a higher insertion force than withdrawal
force.

The index tube is a long hollow shaft made of nitrided Type 304 or
ASTM A479 Grade XM-19 stainless steel. This tube has
circumferential locking grooves spaced every 6 in along the outer
surface. These grooves transmit the weight of the control rod to
the collet assembly which positions the rod.

Collet Assembly

The collet assembly serves as the index tube locking mechanism. It
is located in the upper part of the drive unit. The collet assembly
prevents the index tube from accidentally moving downward. The
collet assembly consists of the collet fingers, a return spring, a
guide cap, a collet housing (part of the cylinder, tube, and
flange), and the collet piston seals.
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Locking is accomplished by six fingers mounted on the collet piston
at the top of the drive cylinder. 1In the locked or latched position
the fingers engage a locking groove in the index tube.

The collet piston is normally held in the latched position by a
return spring force of approximately 150 1b.

Metal piston rings are used to seal the collet piston from. reactor
vessel pressure. The collet assembly will not unlatch until the
collet fingers are unloaded by a short, automatically sequenced,
drive in signal. A pressure of approximately 180 psi above reactor
vessel pressure acting on the collet piston is required to overcome
spring force, slide the collet up against the conical surface in the
guide cap, and spread the fingers out so that they do not engage a
locking groove. The collet piston is nitrided to minimize wear due
to rubbing against the surrounding cylinder surfaces.

Fixed in the upper end of the drive assembly is a guide cap. This
member provides the unlocking cam surface for the collet fingers.
It alsc serves as the upper bushing for the index tube and 1is
nitrided to provide a compatible bearing surface for the index tube.

If reactor water is used to supplement accumulator pressure during a
scram, it is drawn through a filter on the guide cap.

Piston Tube and Stop Piston

Extending upward inside the drive piston and index tube is an inner
cylinder or column called the piston tube. The piston tube is fixed
to the bottom flange of the drive and remains stationary. Water is
brought to the upper side of the drive piston through this tube. A
series of orifices at the top of the tube provides progressive water
shutoff to cushion the drive piston at the end of its scram stroke.

A stationary piston, called the stop piston, is mounted on the upper
end of the piston tube. -This piston provides the seal between
reactor vessel pressure and the space above the drive piston. It
also functions as a positive end stop at the upper limit of control
rod travel. A stack of spring washers just below the stop piston
helps absorb the final mechanical shock at the end of control rod

travel. The piston rings are similar to the outer drive piston
rings. A bleed off passage to the center of the piston tube is
located between the two pairs of rings. This arrangement allows

seal leakage from the reactor vessel during a scram, to be bled
directly to the discharge line, rather than to the space above the
drive piston. The lower pair of seals is used only during the
cushioning of the drive piston at the upper end of the stroke.

Position Indicator

The center tube of the drive mechanism forms a well to contain the
position indicator probe. The position indicator probe 1is an
aluminum extrusion attached to a cast aluminum housing. Mounted on
the extrusion are a series of hermetically sealed, magnetically
operated, position indicator switches. Each switch is sheathed in a
braided glass sleeve, and the entire probe assembly is protected by
a thin walled stainless steel tube. The switches are actuated by a
ring magnet carried at the bottom of the drive piston. The drive
piston, piston tube, and indicator tube are all of nonmagnetic
stainless steel, allowing the individual switches to be operated by
the magnet as the piston passes. One switch is located at each
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position corresponding to an index tube groove, thus allowing
indication at each latching point. An additional switch is located
at each midpoint between latching points, allowing indication of the
intermediate positions during drive motion. Thus, indication is
provided for each 3 in of travel. Duplicate switches are provided
for the full-in and full-out positions. One additional switch (an
overtravel switch) is located at a position below the normal full-
out position. Because the limit of down travel is normally provided
by the control rod itself as it reaches the backseat position, the
index tube can pass this position and actuate the overtravel switch
only if it is uncoupled from its control rod. A convenient means is
thus provided to verify that the drive and control rod are coupled
after installation of a drive or at any time during station
operation.

Flange and Cylinder Assembly

A heavy flange is welded to the drive cylinder. A sealing surface
on the upper face of this flange is used in making the seal to the
drive housing flange. Teflon coated, stainless steel O-rings are
used for these seals. In addition to the reactor vessel seal, the
two hydraulic control lines to the drive are sealed at this face. A
drive can thus be replaced without removing the control lines, which
are permanently welded into the housing flange. The drive flange
contains the integral ball or two way check (shuttle) valve. This
valve is so situated as to direct reactor vessel pressure or driving
pressure, whichever is higher, to the underside of the drive piston.
Reactor vessel pressure is admitted to this wvalve from the annular
space between the drive and drive housing through passages in the
flange. A screen is provided to intercept foreign material at this
point.

Water used to operate the collet piston passes between the outer
tube and the cylinder tube. The inside of the cylinder tube is
honed to provide the surface required for the drive piston seals.

Both the cylinder tube and outer tube are welded to the drive
flange. The tops of these tubes have a sliding fit to allow for
differential expansion.

Coupling Spud, Plug, Unlocking Tube

The upper end of the index tube is threaded to receive a coupling
spud. The coupling (Figure 3.4-3) 1is designed to accommodate a
small amount of angular misalignment between the drive and the
control rod. Six spring fingers allow the coupling spud to enter the
mating socket on the control rod. The control rod weight 1is
sufficient to force the spud fingers to enter the socket (control
rod weight is approximately 250 1b). The lock plug then enters the
spud and prevents uncoupling.

With the lock plug in place, a force in excess of 50,000 1lb is
required to pull the coupling apart.
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Two means of uncoupling are provided. With the reactor vessel head
removed, the lock plug may be raised against the spring force of
approximately 50 1lb by a rod extending up through the center of the
control rod to an unlocking handle, located above the control rod
velocity limiter. The control rod, with the lock plug raised, can
then be separated from the drive. The lock plug may also be pushed
up from below, if it is desired to uncouple a drive without removing
the reactor pressure vessel head for access. In this case, the
central portion of the drive mechanism 1s pushed up against the
uncoupling rod assembly which raises the lock plug, and allows the
coupling spud to disengage the socket as the drive piston and index
tube are driven down.

The coupling spud and locking tube thus meet the requirements of
safety design basis 3.e.

3.4.5.2.2 Materials of Construction
Factors determining the choice of materials are listed below:

1. The index tube must withstand the locking and unlocking
action of the collet fingers. A compatible bearing
combination must be provided which is able to withstand
moderate misalignment forces. The reactor environment
limits the choice of materials suitable for corrosion
resistance. The column and tensile loads can be
satisfied by an annealed 300 series stainless steel.
The wear and bearing requirements are provided by
Malcomizing the completed tube, or by using ASTM A479
Grade XM-19 stainless steel. To obtain suitable
corrosion resistance, a carefully controlled process of
surface preparation is employed

2. The coupling spud is made of Inconel 750 which is aged
to produce maximum physical strength and also provide
the required corrosion resistance. As misalignment

tends to produce a chafing in the semispherical contact
area, the entire part is protected by a thin vapor
deposited chromium plating (Electrolizing). This
plating also serves to prevent galling of the threads
attaching the coupling spud to the index tube

3. Inconel 750 is used for the collet fingers, which must
function as leaf springs when cammed open to the
unlocked position. Colmonoy 6 hard facing is applied to
the area contacting the index tube, and unlocking cam
surface of the guide cap to provide a long wearing
surface adequate for design life

4, Graphitar 14 is selected for seals and bushings on the
drive piston and stop piston. The material is inert and
has a low friction coefficient when water lubricated.
Since loss of strength is experienced at higher
temperatures, the drive is supplied with cooling water
to hold temperatures below 250°F. The Graphitar is
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relatively soft, which 1is advantageous when an
occasional particle of foreign matter reaches a seal.
The resulting scratches in the seal reduce sealing
efficiency until worn smooth, but the drive design can
tolerate considerable water leakage past the seals into
the reactor vessel

All drive components exposed to reactor vessel water are made of
ATISTI 300 series stainless steel except the following:

1. Seals and bushings on the drive piston and stop piston
are Graphitar 14

2. All springs and members requiring spring action (collet
fingers, coupling spud, and spring washers) are made of
Inconel 750

3. The ball check valve employs a Haynes Stellite cobalt
base alloy

4, Elastomeric O-ring seals are ethylene propylene

5. Collet piston rings are Haynes 25 alloy

6. Certain wear surfaces are hard faced with Colmonoy 6

7. Nitriding by a proprietary new Malcomizing process,

electrolizing (a vapor deposition of chromium), and
chromium plating or ASTM 2479 Grade XM-19 stainless
steel are used 1in certain areas where resistance to
abrasion is necessary

8. The drive piston head is made of Armco 17-4Ph
Pressure containing portions of the drives are designed and built in
accordance with the requirements of Section III of the ASME Boiler
and Pressure Vessel Code.

3.4.5.3 Control Rod Drive Hydraulic System

The CRD Hydraulic System supplies and controls the pressure and flow
requirements to the drives. See Figure 3.4-9 (Drawing M250).

There is one supply subsystem which supplies water at the proper
pressures and sufficient flow to the hydraulic control units (HCUs).

Each HCU controls the flow to and from a drive. The water
discharged from the drives during a scram flows through the HCUs to
the scram discharge volume. The water discharged from a drive

during a normal control rod positioning operation flows through its
HCU and returns it to the reactor vessel by backflow through the 121
valves of other CRD HCUs.

3.4.5.3.1 CRD Hydraulic Supply and Discharge Subsystems

The CRD hydraulic supply and discharge subsystems control the
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pressure and flows required for the operation of the control rod
drive mechanisms. These hydraulic requirements identified by the
function they perform are as follows. See Figures 3.4-9 (Drawing
M250), 3.4-10 (Drawing M1D12-4), and 3.4-11 (Drawing M1D12-4).

1. Accumulator charging pressure normal range is 1,380 psig to
1,510 psig. Flow 1is required only during scram reset or
during system startup. Charging water pressures outside of

the normal range may occur as drive water pump performance
change during its service life.

2. Drive pressure of about 250 psi above reactor vessel pressure
is required at a flow rate of approximately 4 gal/min to
insert a control rod and 2 gal/min to withdraw a control rod
during normal operation.

3. Cooling water to the drives is required at approximately 10
psig above reactor vessel pressure, and at a flow rate of 0.20
to 0.34 gal/min per drive unit. Cooling water may be

interrupted for short periods without drive damage.

4, The exhaust water header 1is maintained at a pressure
approximately 15 psi above vessel pressure to receive the flow
of the water displaced during normal control operation of the

drives.

5. A scram discharge instrument volume of approximately 1.1
gallon per drive to receive the water displaced from the
drives during a scram 1is required. The scram discharge

instrument volume is required to contain air at atmospheric
pressure, except during scram when it is filled with water
until the scram signal is cleared and the system reset. The
scram discharge instrument volume will reach reactor pressure
following a scram.

6. General Electric (GE) supplied 1-in. pressure equalizing
valves are installed between the CRD cooling water header and
the exhaust water header. The pressure equalizing valves are
self-actuated, and will perform the functions of (a)
preventing continuocus flow to the normal exhaust water header
and coincident reverse flow through the directional control
solenoid valve V-121, (b) preventing flow from the carbon
steel piping in the normal exhaust water header to the drive
cooling water header, and (c) repressurizing the exhaust
header following a scram and preventing excessive high CRD
operating differential pressure during subsequent operation of
a selected CRD.

The CRD hydraulic supply and discharge systems provide the required
functions with the pumps, filters, wvalves, instrumentation, and
piping shown on Figure 3.4-9 and described in the following
paragraphs.
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Duplicate components are included, where necessary, to assure
continuous system operation if an inservice component requires
maintenance.

Pumps

One supply pump 1is provided to pressurize the system with water
downstream of the condensate demineralizer or the condensate storage
tank. One spare pump is on standby. Each pump is installed with a
suction strainer and a discharge check wvalve to prevent bypassing
flow backwards through the nonoperating pump.

A minimum flow bypass connection between the discharge of the pump
and the condensate storage tank prevents overheating of the pump in
the event that the pump discharge is inadvertently closed.

Filters

The filter removes foreign material larger than 50 microns absolute
(25 microns nominal) from the hydraulic supply subsystem water. A
differential pressure indicator and alarm monitor the filter element
as it collects foreign material. A strainer in the filter discharge
line guards the hydraulic system in the event of filter element
failure.

Accumulator Charging Pressure

The accumulator charging pressure is maintained automatically by a
flow sensing element, controller, and an air operated flow control

valve. During normal operation, the accumulator charging pressure
is established wupstream from the flow control wvalve by the
restriction of the flow control wvalve. During scram, the flow

sensing system upstream of the accumulator charging header detects
high flow in the charging header and partly closes the flow control
valve. The flow control valve is closed enough so that the proper
flow to recharge the accumulators 1is diverted from the hydraulic
supply header to the accumulator charging header.

The pressure in the charging header is monitored in the control room
with a pressure indicator and low pressure alarm.

During normal operation, the constant flow established through the
flow control valves is the sum of the maximum water required to cool
all the drives.

Drive Water Pressure

The drive water pressure control valve, which is manually adjusted
from the control room, mainta