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of malfunction that affects only one channel. The trip signal furnished by the two remaining
channels is unimpaired in this event.

Reactor trip is implemented by interrupting power to the magnetic latch mechanisms on all drives
allowing the full-length rod clusters to insert by gravity. The reactor protection system is thus
inherently safe in the event of a loss of power.

The engineered safety features actuation circuits are designed on the same “deenergize to
operate” principle as the reactor trip circuits, with the exception of the containment spray
actuation circuit, which is energized to operate in order to avoid spray operation on inadvertent
power failure.

Automatic starting of all emergency diesel generators is initiated by under-voltage relays on any
480-V bus or by the safety injection signal. Engine cranking is accomplished by a stored energy
system supplied solely for the associated diesel generator. The undervoltage relay scheme is
designed so that loss of 480-V power does not prevent the relay scheme from functioning

properly.

7.2.1.9 Redundancy of Reactivity Control

Criterion: Two independent control systems, preferably of different principles, shall be
provided. (GDC 27)

One of the two reactivity control systems employs rod cluster control assemblies to regulate the
position of Ag-In-Cd neutron absorbers within the reactor core. The other reactivity control
system employs the chemical and volume control system to regulate the concentration of boric
acid solution (neutron absorber) in the reactor coolant system.

7.2.1.10 Reactivity Control System Malfunction

Criterion: The reactor protection system shall be capable of protecting against any single
malfunction of the reactivity control system, such as unplanned continuous
withdrawal (not ejection or dropout) of a control rod, by limiting reactivity
transients to avoid exceeding acceptable fuel damage limits. (GDC 31)

Reactor shutdown with rods is completely independent of the normal control functions since the
trip breakers completely interrupt the power to the full-length rod mechanisms regardless of
existing control signals. Effects of continuous withdrawal of a rod control assembly and of
deboration are described in Sections 7.3.1, 7.3.2, 9.2, and 14.1.

7.2.1.11 Seismic Design

For earthquake (operational basis or design basis), the equipment is designed to ensure that it
does not lose its capability to perform its function, that is, shut the plant down and maintain it in a
safe shutdown condition. For the maximum potential earthquake, there may be permanent
deformation of equipment provided that the capability of the equipment to perform its function is
maintained.

The instrumentation and electrical equipment, associated with emergency core cooling, will not
cause an interruption of this function during the earthquake.
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Instrumentation and control specifications include only static “g” level requirements. As a result
of seismic criteria subsequently established, the static requirements were considered
inappropriate and Westinghouse adopted the position of type testing equipment to demonstrate
design adequacy. A safeguards signal may be initiated by an instrument or transmitter that has
the ability to withstand seismic forces as demonstrated in WCAP-7397-L, Section 4.8.2 This
signal is carried in conduit and cable trays whose supports have been studied for resistance to
seismic forces. The signal passes to the process control racks proved as described in WCAP-
7397L, Section 4.2.> The signal is sent next to the safeguards actuation racks proved as
described in WCAP-7397-L, Section 4.3.2 The actuation signal proceeds through a switch on the
control board to the appropriate switch-gear. The control boards were specified to “be designed
such that the maximum stresses, including simultaneous seismic accelerations of 0.52g in the
horizontal and 0.35g in the vertical directions, shall not dislodge or cause relative movement
between components, such as to impair the functional integrity of circuits or equipment.” These
accelerations exceed that calculated as input to the boards from the floor of the central control
room. In shipment, boards of typical manufacture and construction have recorded shocks of 8 to
109, and when wired, the switches have operated without repair.

The switchgear equipment has been specified to withstand accelerations in excess of 0.15g
horizontally and 0.10g vertically. This capability was a matter of the procurement specification of
Westinghouse and their design agents and design action of the vendors. The safeguards
circuits for Indian Point Unit 2 employ Westinghouse Series W motor control centers, type DB
circuit breakers, and associated metal-enclosed or metal-clad switchgear. A review of this
switchgear for proof of adequacy of the seismic-resistant design determined that the Series W
motor control centers and DB breakers, mounted in the metal enclosures, have been shock
tested and proved to remain fully operable for shocks of at least 3g in any direction. Since
original construction, five (5) new motor control centers have been installed and certain essential
loads were rearranged to enhance reliability in a Loss of Offsite Power (LOOP) event. The new
motor control centers were procured in accordance with IEEE-344 and seismically installed.
Seismic qualification of the reactor trip breaker shunt trip attachments (type DB-50) was
performed on a generic basis by the Westinghouse Owner’s Group. It has been determined that
this generic qualification adequately envelopes Indian Point Unit 2 seismic parameters®. Proof of
resistance of the similar DH metal-clad switchgear to a seismic response spectrum established
for the Point Beach plant has been demonstrated by vibration testing of typical, equivalent metal-
clad switchgear, incorporating the similar DHP circuit breaker. The DH circuit breakers installed
in the Point Beach plant were of an earlier design than the DHP. However, the general
configuration, weight distribution, and vibration-resistant design approach of the DH are
essentially identical to the DHP. When subjected to a seismic spectrum equivalent to or greater
than the seismic test envelope given in Figure B-2 of Reference 2, there was no loss of function
of the DHP metal-clad switchgear. This seismic test envelope given in Reference 2 is estimated
to include all low seismic plants, that is, plants with a design-basis earthquake horizontal ground
acceleration of 0.2g or less. This similarity between the DH and DB circuit breakers gives added
confidence in the seismic suitability of the DB circuit breakers installed at Indian Point Unit 2.

The power supply leaving the switchgear operates the safeguards equipment completing the
actuation train. The seismic design of this equipment is described in Sections 7.1 and 1.11. The
direct current power supply may be considered as a branch to this main train of actuation. The
source of direct current power is the station batteries. The Class 1E station batteries and
associated battery racks have been determined to be seismically qualified for their installation
locations. The conduit and cable trays carrying the direct current power to the safeguards
equipment train received the same study for seismic support as described above. The seismic
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gualification requirements for DC power panels 21 and 22 are enveloped by the generic
equipment qualification described above. Additionally, these DC power panels were evaluated
using Seismic Qualification Utility Group data. The evaluation shows a significant seismic
margin for the two panels®.

Westinghouse designed and procured all systems that actuate reactor trip and safety feature
actions for Indian Point Unit 2. The design of protective grade instrumentation and logic systems
are in accordance with the proposed IEEE criteria for nuclear power plant protection system
(IEEE-279 Code), dated August 28, 1968. The functional design is originated at Westinghouse
with equipment procurement through vendor supplies. Equipment compatibility and integration
of component hardware are factored into the design by Westinghouse or under the direct
supervision of Westinghouse.

7.2.2 Principles of Design

7.2.2.1 Redundancy and Independence

The protection systems are redundant and independent for all vital inputs and functions. Each
channel is functionally independent of every other channel and receives power from an
independent source. The isolation of redundant protection channels is described in further detail
elsewhere in this section as well as in Section 7.2.3.

7.2.2.2 Manual Actuation

Means are provided for manual initiation of protection system action. Failures in the automatic
system do not prevent the manual actuation of protective functions. Manual actuation requires
the operation of a minimum of equipment.

7.2.2.3 Channel Bypass or Removal From Operation

The system is designed to permit any one channel to be maintained, and when required, tested
or calibrated during power operation without protection system trip. Since the channel under test
is either tripped or bypassed, superimposed test signals are used that do not negate the process
signal. Systems are permitted to violate the single-failure criterion during channel bypass;
acceptable reliability of operation has been demonstrated and the bypass time interval is short.

7.2.2.4 Capability for Test and Calibration

The bistable portions of the protection system (e.g., relays and bistables) provide trip signals
only after signals from analog portions of the system reach preset values. Capability is provided
for calibrating and testing the performance of the bistable portion of protection channels and
various combinations of the logic networks during reactor operation.

The analog portion of a protection channel provides analog signals of reactor or plant
parameters. The following means are provided to permit checking the analog portion of a
protection channel during reactor operation:

1. Varying the monitored variable.
2. Introducing and varying a substitute transmitter signal.
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3. Cross checking between identical channels or between channels, which bear a
known relationship to each other and which have readouts available.

The design permits the administrative control of the means for manually bypassing channels or
protection functions.

The design permits the administrative control of access to all trip settings, module calibration
adjustments, test points, and signal injection points.

Protection system setpoints are maintained under procedural control and are the nominal values
at which the bistables may be set. The limiting safety system settings (LSSS) for these setpoints
have been determined in order to accommodate instrument drift (which is assumed to occur
between operational tests) and the limitations on accuracy of measurement and calibration, and
are contained in the Improved Technical Specifications as Allowable Valves. A setpoint is
considered to be consistent with the nominal value when the "as left" value is within the band
allowed for calibration accuracy, as defined by the plant setpoint study and calibration
procedures.

7.2.2.5 Information Readout and Indication of Bypass

The protection systems are designed to provide the operator with accurate, complete, and timely
information pertinent to their own status and to plant safety.

Indication is provided in the control room if some part of the system has been administratively
bypassed or taken out of service. Trips are indicated and identified down to the channel level.

7.2.2.6 Safequards Initiating Circuitry

The safeguards actuation circuitry and hardware layout are designed to maintain required circuit
isolation throughout, from the process sensors through the slave relays, which actuate individual
safeguards components. The channelization design is shown in Plant Drawing 243318
[Formerly UFSAR Figure 7.2-15].

The safeguards bistables, mounted in the analog protection racks, drive both A and B logic
matrix relays. Each individual coincident matrix contains its own test light and test circuitry. The
A and B logic matrices operate separate master relays to actuate channels A and B,
respectively, as shown in Plant Drawing 243319 [Formerly UFSAR Figure 7.2-16]. Control
power for logic trains A and B, is supplied from separate direct current sources 1 and 2,
respectively. These redundant actuating channels operate the various safeguards components
required, with the large loads sequenced as necessary.

Manual reset of the safeguards actuation relays may be accomplished 2 min following their
operation. Manual initiation will override reset and result in safeguards actuation at all times.

Protection channel identity is lost in the intermixing of the relay matrix wiring. Physical
separation of A and B logic trains is maintained by the separate logic racks.

7.2.2.7 Analog Channel Testing

The basic elements composing an analog protection channel are shown in Plant Drawing
243320 [Formerly UFSAR Figure 7.2-17]. This system consists of a transmitter, power supply,
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bistable, bistable trip switch and proving lamp, test signal injection switch, test signal injection
jack, and test point.

Each protection rack includes a test panel containing those switches, test jacks, and related
equipment needed to test the channels contained in the rack. A hinged cover encloses the
signal injection switch and signal injection jack of the test panel.

Opening the cover or placing the test operate switch in the "test" position initiates an alarm
identifying the rack under test. These alarms are arranged on a rack basis to preclude entry to
more than one redundant protection rack (or channel) at any time. The test panel cover is
designed such that it cannot be closed (and the alarm cleared) unless the test device plugs
(described below) are removed. Closing the test panel cover mechanically returns the test
switches to the “normal” position.

To minimize the risk of a trip during on-line testing of instrument channels, the bistables are
bypassed to maintain the logic relays energized. A proving lamp across the bistable output
facilitates checking the bistable trip setting during channel calibration. The bistable trip switches
must be manually reset after the completion of a test. Closing the test panel cover will not
restore these switches to the untripped mode. Procedures limit bistable testing to one circuit at a
time.

Actual channel calibration consists of producing a test signal using the transmitter power supply
external calibration device, which plugs into the signal injection jack. In this application, where
specified the channel power supply serves as a power source for the calibration device to permit
verifying the output load capacity of the power supply. Test points are located in the analog
channel and provide an independent means of measuring and/or monitoring the calibration
signal level.

7.2.2.8 Logic Channel Testing

Testing of the logic matrices is described in UFSAR Section 7.2.4.6.

7.2.2.9 Isolation of Reactor Protection and Engineered Safety Feature Signals

The following device is used to ensure that electrical isolation exists between protection and
control grade signals: where protection signal intelligence is required for other than protection
functions, an isolation amplifier (part of the protection set) is used to transmit the intelligence.
The isolation amplifier prevents the perturbation of the protection channel signal (input) due to
any disturbance of the isolated signal (output), which could occur near any termination of the
output wiring external to the protection racks. A detailed discussion of the isolation amplifiers
that are used in Indian Point Unit 2 is given in WCAP-9011.3

The isolation of reactor protection and engineered safety feature signals in the reactor protection
logic racks is achieved by physical separation and circuit protection to meet the single failure
criteria. There are three decks containing the contacts on each logic relay used. The
configuration, in general, utilizes the rear deck for reactor protection and engineered safety
feature signals. The center and front decks are typically used for annunciator and computer
signals, respectively. The necessary isolation between the safety sighals and the annunciator
and/or computer signals is provided at the contacts of the relays. Separation is typically
maintained by using separate wireways for safety signals, annunciator signals, and computer
signals.
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The design basis for protection of reactor protection and engineered safety system circuit cables
include protection from failure of other non-safety system circuit cables routed in the same
raceway by having the non-safety cables (like safety cables) (a) designed using conservative
margins with respect to their current carrying capacities, insulation properties, and mechanical
constructign, (b) protected against overloads by coordinated fuses or circuit breakers, and (c) fire
retardant.

7.2.2.10 Vital Protection Functions and Functional Requirements

The reactor protection system monitors those parameters related to safe operation and trips the
reactor to protect the reactor core against fuel rod cladding damage caused by departure from
nucleate boiling, and to protect against reactor coolant system damage caused by high system
pressure. The engineered safety features instrumentation system monitors parameters to detect
failure of the reactor coolant system and initiates containment isolation and engineered safety
features operation to contain radioactive fission products.

Section 7.2 covers those protection systems provided to:

1. Trip the reactor to prevent or limit fission product release from the core and to limit
energy release.

2. Isolate containment and activate the isolation valve seal water system and weld
channel penetration pressurization system when necessary.

3. Control the operation of engineered safety features provided to mitigate the
effects of accidents.

The core protection systems in conjunction with inherent plant characteristics are designed to
prevent anticipated abnormal conditions from causing fuel damage exceeding limits established
in Chapter 3, or reactor coolant system damage exceeding effects established in Chapter 4.

7.2.2.11 Completion of Protective Action

Where operating requirements necessitate automatic or manual bypass of a protection function,
the design is such that the bypass is removed automatically whenever permissive conditions are
not met. Devices used to achieve automatic removal of the bypass of a protective function are
part of the protection system and are designed in accordance with the criteria of this section.

The protection systems are so designed that, once initiated, a protective action goes to
completion. Return to normal operation requires administrative action by the operator.

7.2.2.12 Multiple Trip Settings

Where it is necessary to change to a more restrictive trip setting to provide adequate protection
for a particular mode of operation or set of operating conditions, the design provides positive
means of ensuring that the more restrictive trip setting is used. The devices used to prevent
improper use of less restrictive trip settings are considered a part of the protection system and
are designed in accordance with the other provisions of these criteria.
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7.2.2.13 Interlocks and Administrative Procedures

Interlocks and administrative procedures required to limit the consequences of fault conditions
other than those specified as limits for the protection function comply with the protection system
criteria.

7.2.2.14 Deleted

7.2.3 System Design

7.2.3.1 Reactor Protection System Description

Plant Drawing 243321 [Formerly UFSAR Figure 7.2-18] is a block diagram of the reactor
protection system. Reactor trips are described in Section 7.2.5.1.

Figure 7.2-19 illustrates the core thermal limits and shows the trip points that are used for the
protection system. The solid lines are a locus of limiting design conditions representing the core
thermal limits at four pressures. The core thermal limits are based on the conditions, which yield
the applicable limit value for departure from nucleate boiling ratio (DNBR) or those conditions,
which preclude bulk boiling at the vessel exit. The dashed lines indicate the maximum
permissible trip points for the over-temperature high AT reactor trip including allowances for
measurement and instrumentation errors.

The maximum and minimum pressures shown (2440 and 1860 psia) represent the limiting
setpoints for the high-pressure and low-pressure reactor trips.

Adequate margins exist between the worst steady-state operating point (including all
temperature, calorimetric, and pressure errors) and required trip points to preclude a spurious
plant trip during design transients.

7.2.3.2 Engineered Safety Features Instrumentation Description

Plant Drawings 225102, 225103, and 225104 [Formerly UFSAR Figures 7.2-9, 7.2-10, and 7.2-
12] show the logic diagrams, and Plant Drawings 243313 and 243314 [Formerly UFSAR Figures
7.2-20 and 7.2-21] show the level and pressure action initiating sensors and bistables for the
engineered safety features instrumentation.

7.2.3.2.1 Indication

All transmitted signals (flow, pressure, temperature, etc.), which can cause a reactor trip, are
either indicated or recorded for every channel.

The channel isolation and separation criteria as described for the reactor protection circuits are
applied to the engineered safety features actuation circuits.

7.2.3.2.2 Protective Actions

The engineered safety features actuation system automatically performs the following vital
functions:
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Start operation of the safety injection system upon low pressurizer pressure
signal, or high containment pressure signals (high pressure and high-high
pressure), or on high differential pressure between any two steam generators, or
on coincidence of high steam flow in any two steam lines (automatically blocked
when T,,4 and steam pressure are above certain limits).

Operate the containment ventilation isolation valves and the automatic
containment isolation valves in nonessential process lines (phase A containment
isolation) and generate a feedwater isolation signal upon detection of a safety
injection signal as described in item 1 above. The isolation valve seal water
system (IVSW) and the weld channel penetration pressurization system (WCPPS)
are actuated automatically by the containment isolation signal. In addition, a high
containment or plant ventilation radioactivity signal will operate the containment
ventilation isolation valves.

Start the containment spray system and close the main steam line isolation valves
upon detection of a higher containment pressure signal than in item 2 above
(high-high containment pressure). The containment spray signal will operate the
remaining automatic containment isolation valves (Phase B containment isolation)
and the containment ventilation isolation valves. In addition, the main steam line
isolation valves will close upon receipt of a signal from the steam line break
protection logic.

Start operation of the safeguards equipment actuation sequence signal. This
includes actuation signals to such components as auxiliary feedwater pumps,
service water pumps, fan coolers, and diesel generators.

Safety Injection Trips

The safety injection is provided to detect breaks in the primary or secondary systems and to
initiate operation of components associated with the engineered safeguards system. The
reactor is tripped upon receipt of a safety injection signal to limit the severity of the accident.
The initiation of these signals is discussed in this section. The safety injection signal diagram is
shown in Plant Drawing 225105 [Formerly UFSAR Figure 7.2-12].

The safety injection trip signal is initiated by any one of the following

events:

ogakrwhNpE

Low pressurizer pressure.

Steam break upstream of the steam line isolation valves.
Steam break downstream of the steam line isolation valves.
High containment pressure (approximately 2 psig).
High-high containment pressure (approximately 24 psig).
Manual signal.

In addition to providing a reactor trip, the safety injection signal will:

1.

2.
3.

Initiate a turbine trip, which will, after an approximate 30 second delay, initiate a
generator trip and bus transfer.

Initiate a feedwater system isolation.

Initiate a safeguards equipment sequence signal, including starting of the diesels.
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4. Initiate a containment ventilation isolation.
5. Initiate a containment phase A isolation.
6. Place-the isolation valve seal water system and weld channel penetration

pressurization system into service.
7.2.3.2.3.1 Low Pressurizer Pressure

This particular phase of the safety injection trip signal is provided to shut down the reactor in the
event of a break in the reactor coolant system whereby the reactor coolant would be released
either to containment or to the secondary side of the steam generators, depending on the
location of the leak. This trip also serves as a backup to the steam break protection logic for the
secondary plant. A steam break would be accompanied by excessive heat removal from the
primary coolant and a rapid reduction in T,g. This in turn will cause a drop in pressurizer
pressure as well as an increase in reactivity.

There are three low pressurizer pressure channels, and any two of the three initiates a safety
injection signal before pressurizer pressure drops below 1801 psig, in accordance with Technical
Specification requirements. Pressurizer level channels that previously were included in this logic
were eliminated as a direct result of the TMI incident, which demonstrated that pressurizer level
will rise if the primary system leakage path is above the pressurizer vapor space.

The pressurizer pressure signals are derived from the same channels used for the low-pressure
reactor trip; however lead/lag units are not used. This trip is manually bypassed on a reactor
coolant system cooldown once the pressure (as sensed by two-out-of-three channels) has been
reduced below 1940 psig, by manual action of the “Block SI” switch on the safeguards panel.
This bypass will be automatically removed when pressurizer pressure exceeds 1940 psig. A
manual unblock feature is also provided for the case where it is desired to place this circuit back
in service following a block signal and with the pressurizer pressure below 1940 psig. The low
pressurizer pressure signal logic is shown schematically in Plant Drawing 225105 [Formerly
UFSAR Figure 7.2-12].

7.2.3.2.3.2 Steam Line Break Upstream of Steam Line Isolation Valves/High Steam Line AP

A steam line break in this section of pipe would be characterized by a low steam-generator
pressure because the nonreturn valve would close and the particular steam generator in
guestion would feed directly into containment or to the atmosphere through the open-ended pipe.
An absolute value of steam-generator pressure cannot be used to indicate this type of break
because the steam-generator pressure will vary from atmospheric pressure to a no-load value of
approximately 1000 psig during startup and then back down to approximately 700 psig as full
load is reached. Therefore, a comparison circuit (as shown in Plant Drawing 225103 [Formerly
UFSAR Figure 7.2-10]) is employed whereby each steam generator’'s pressure is compared to
the pressure in each of the other three steam generators. A two-out-of-three logic is employed
such that if a given steam-generator’'s differential pressure increases above a fixed setpoint
when compared to two of the remaining three steam generators, a safety injection signal will be
initiated.

A steam generator being out of service would not affect the logic because, in this case, there will
be a reverse reactor coolant flow through the steam generator and the pressure in the steam
generator would be that corresponding to the saturation point for the reactor inlet temperature.
This will be approximately 1000 psig assuming the air-operated steam line isolation valve was
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isolation valve was closed. If this valve were not closed, the pressure in the steam generator out
of service would just follow that of the remaining steam generators, and likewise, this would not
affect the logic. Although three-loop operational capability is possible on a continued basis, the
plant Technical Specifications do not permit this mode of operation.

A steam line break, whether it be upstream or downstream of the isolation valves, will result in a
cooldown of the reactor coolant system and a subsequent addition of reactivity, due to the
negative moderator temperature coefficient, and also a decrease in the reactor coolant system
water volume, due to the density change as discussed in Section 14.2.5.1. The safety injection
signal, as previously discussed, will initiate safeguards systems to protect against the adverse
conditions resulting from the steam line break.

7.2.3.2.3.3 Steam Line Break Downstream of the Isolation Valves

A steam line break in this section of pipe will be characterized by an abnormally high steam flow
in the four steam lines because they are cross connected in a header arrangement and will all
feed the break. To prevent the steam generators from continuing to feed the break, this
particular mode of steam line break protection will close the four main steam isolation air-
operated check valves.

An absolute value of steam flow cannot be used to initiate the protection since the steam flow
will vary from 0 Ib/hr at cold shutdown to approximately 3.5 x 10° Ib/hr per steam generator at full
load. Therefore, a comparison circuit is used in which steam flow is compared to a programmed
signal on the basis of turbine inlet pressure.

Steam flow is sensed by measuring the differential pressure (AP) across a steam flow element in
the main steam line. One flow element and two Ap transmitters are used for each main steam
line associated with each steam generator; the steam flow is proportional to the square root of
the AP across the nozzles. For this particular circuit, however, the steam flow signal is not used,
but the steam flow squared or AP signal is used (steam flow squared —AP).

Turbine inlet pressure increases with load and varies from 0 psia at no load to approximately 655
psia at full load, based on modifications to the HP Turbine and its steam inlet configuration. It is
sensed by two pressure transmitters and applied to a programmer (controller) that generates the
function K; + K> Pumine inet-  The constants K; and K, are chosen such that the output of the
programmer will correspond to the AP signal for 40-percent steam flow from no load to 20-
percent load and ramped to 110-percent for full load (see Plant Drawing 243315 [Formerly
UFSAR Figure 7.2-22]).

The output from one programmer is used as an input to a comparison bistable. A steam flow
signal from one steam generator is used as the second input. If the steam flow sighal exceeds
the programmed signal, that particular channel will be tripped.

The second steam flow and programmed turbine inlet pressure signals are used in a redundant
bistable comparison circuit. The output of the two bistables is sent to a one-out-of-two logic
circuit.

Each programmed turbine inlet pressure signal is applied to four comparison circuits, one for
each steam generator.
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Each of the four one-out-of-two logic circuits is then fed to a two-out-of-four logic for the
generation of the steam line break signal. Thus, a steam line break downstream of the isolation
valves must be sensed by two-out-of-four channels to initiate a safety injection signal. See Plant
Drawing 225103 [Formerly UFSAR Figure 7.2-10] for the logic diagram of this circuitry.

The high steam line flow signal is so interlocked that it cannot initiate a safety injection signal
unless it is accompanied by either a low T4 signal (two-out-of-four T,,4 channels below 542°F)
or a low steam-generator pressure signal (two-out-of-four steam pressure channels below 565.3

psig).

The T,y channels are derived from resistance temperature detectors in the reactor coolant
system. These interlocks are provided to allow for startup, steam dump, or atmospheric relief
valve protection. Under these conditions the steam flow will be greater than the value
programmed by the turbine inlet pressure; however, it is acceptable under these circumstances.
If a steam line break did actually occur, the average reactor coolant temperature would decrease
as would the steam generator pressure because there is now an uncontrollable steam release.

The high steamline flow coincident with low T,y or a low steam generator pressure signal is
delayed up to two seconds prior to being sent out to safeguard activation logic to provide main
steam line isolation and safety injection.

7.2.3.2.3.4 High Containment Pressure

A containment pressure of 2.0 psig, as indicated by two-out-of-three containment pressure
signals, will initiate a safety injection trip signal. This protection is provided for the case where a
small leak into containment (either primary or secondary) exists and is within the bounds of the
control and protection systems. It is required in order to limit the maximum pressure inside
containment should the leak increase to major proportions. See Plant Drawing 225105
[Formerly UFSAR Figure 7.2-12] for this logic diagram.

7.2.3.2.3.5 High-High Containment Pressure

High-high containment pressure, as indicated by the actuation of redundant two-out-of-three
logics, will initiate a containment spray actuation signal. The bistable devices will be actuated
when the containment pressure reaches 24 psig. In addition to initiating containment spray,
high-high containment pressure will also result in a phase B containment isolation, a
containment ventilation isolation, safety injection trip signal, and steam line isolation. This safety
injection actuation acts as a backup to the high containment pressure logic. The steam line air-
operated check valves are closed to prevent overpressurization of containment from a steam
break inside containment with simultaneous failure of the nonreturn check valve in that loop, as
discussed in UFSAR Section 14.2.5.4, Cases C and D. A secondary reason is that had the
increase in pressure been caused by a steam line rupture, a path through the rupture will exist,
which connects the containment atmosphere to the secondary plant or outside atmosphere. This
path must be blocked to prevent any uncontrolled radioactivity release. This path must be
blocked to prevent any uncontrolled radioactivity release. Dual actuation logic is used in the
formation of the high-high containment pressure signal in each redundant Train, to prevent
containment spray system actuation on a spurious signal. See Plant Drawing 225105 [Formerly
UFSAR Figure 7.2-12]for this logic diagram.
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7.2.3.2.3.6 Manual Push Buttons

Two push buttons are provided for manual initiation of safety injection. Each button will activate
one train of safety injection logic. While the primary purpose of these push buttons is to initiate
safety injection manually, pressing these buttons will also result in a reactor trip.

Safety injection can be reset without first clearing the automatic initiating signal(s), by placing the
Train A or Train B "Normal - Defeat" key interlock switches in the "Defeat" position, and then
using the reset push buttons. When these key switches are in "Defeat" position, lights above the
switches illuminate and an alarm annunciates in the CCR. The manual actuation push button
will override the defeat and reset function to reinitiate safety injection.

Push buttons for manual system actuation are provided for the containment isolation Phase A,
containment isolation Phase B, and containment spray functions. Key interlock "Defeat"
switches for system level reset are not provided for these functions. However, key bypass
switches are provided for containment isolation Phase A and containment ventilation isolation
(Train B only) to enhance reset capability at the equipment level in case of a failure in the daisy
chain reset logic.

The automatic initiating signal(s) for containment isolation Phase A, containment isolation Phase
B, and containment spray functions must first be cleared before the system actuation can be
reset. The manual system actuation push buttons may be used at any time to reinitiate the
system function.

7.2.3.2.3.7 Steam Line Isolation

Any of the following signals (discussed in Sections 7.2.3.2.3.2 and 7.2.3.2.3.3) will close all
steam line isolation valves:

1. Coincidence of high steam flow in any two steam lines with low T,4 (2/4) or low
steam pressure (2/4). Automatically blocked when T,,4 and steam pressure are
above certain limits.

2. High-high containment pressure signals (2/3 high-high + 2/3 high-high pressure).

3. Steam line isolation valves can also be closed one at a time by manual action.

7.2.3.2.3.8 Main Feedwater Line Isolation

A safety injection signal or high-high water level (2/3) in any steam generator will close the
discharge valves from both main feedwater pumps and will close feedwater control (main and
low flow bypass) valves. Each main feedwater pump will trip on closure of its discharge valve.

See Plant Drawing 225106 [Formerly UFSAR Figure 7.2-13].

7.2.3.2.3.9 Deleted
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7.2.4 System Safety Features

7.2.4.1 Separation of Redundant Protection Channels

The reactor protection system is designed on a channelized basis to achieve separation
between redundant protection channels. The channelized design, as applied to the analog as
well as the logic portions of the protection system, is illustrated by Figure 7.2-23 and is
discussed below. Although shown for four-channel redundancy, the design is applicable to two-
and three-channel redundancy.

The separation of redundant analog channels originates at the process sensors and continues
through the field wiring and containment penetrations to the analog protection racks. Physical
separation is used to the maximum practical extent to achieve the separation of redundant
transmitters. The separation of field wiring is achieved using separate wireways, cable trays,
conduit runs, and containment penetrations for each redundant channel. Analog equipment is
separated by locating redundant components in different protection racks. Each channel is
energized from a separate AC power feed.

The reactor trip bistables are mounted in the protection racks and are the final operational
component in an analog protection channel. Each bistable drives two logic relays (“C” and “D").
The contacts from the C relays are interconnected to form the required actuation logic for trip
breaker 1 through DC power feed 1. The transition from channel identity to logic identity is made
at the logic relay coil/relay contact interface. As such, there is both electrical and physical
separation between the analog and the logic portions of the protection system. The above logic
network is duplicated for trip breaker 2 using DC power feed 2 and the contacts from the D
relays. Therefore, the two redundant reactor trip logic channels will be physically separated and
electrically isolated from one another. Overall, the protection system is composed of identifiable
channels that are physically, electrically, and functionally separated and isolated from one
another.

7.24.1.1 Reactor Protection and Engineered Safety Equipment Identification

A color code of red, white, blue, and yellow is established for analog protection channel sections
[, 1l I, and IV, respectively. Large identification plates with the appropriate background color
are attached at the front and back surface of each analog rack for the identification of analog
protection channel racks. Protection and safeguards relay racks are identified similarly on the
input side of the racks where protection signals from the various protection channels are
received.

Cable trays and cables have numbered tags for identification, which in conjunction with plant
drawings, can be related to specific functions. The identification tags do not themselves
differentiate between protection and nonprotection cables and trays.

7.24.1.2 Access to Reactor Protection System Panels

Because of the control room arrangement, access to the protection racks is under the
administrative control of the plant operator as authorized by the shift supervisor. The opening of
a rack door is not annunciated; however, the opening of any of the test panel covers that give
access to the switches and signal injection points are annunciated on a protection set basis (i.e.,
four windows, one for each protection set). Access to these switches and signal injection points
permits the channel to be defeated.
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7.24.13 Physical Separation

The physical arrangement of all elements associated with the protection system reduces the
probability of a single physical event impairing the vital functions of the system.

System equipment is distributed between instrument cabinets so as to reduce the probability of
damage to the total system by some single event. Wiring between vital elements of the system
outside of equipment housing is routed and protected so as to maintain the true redundancy of
the systems with respect to physical hazards.

The separation of channels is established wherever practical by the use of separate trays and
conduits. In the cable spreading room, electrical tunnel, and other areas with a high density of
electrical cables, multiple channels are run in a single ladder tray, but separation is generally
maintained within the tray by the use of 16-gauge sheet metal divider, equal in height to the tray
side (typically four inches), between the different channels. Where such dividers are used in
heavy power or medium power cable trays, a double sheet metal divider with approximately 1-in.
of space between is used. The double divider is used in congested trays (e.g., heavy power
trays to the Electrical Penetration Area) a single divider is used. In addition, whenever a power
tray is located beneath an instrument or control channel tray, or a different channel of heavy
power cables, a transite barrier or sheet metal barrier of sufficient thichness (approximately 0.25
inches) is installed between the trays. Such barriers are considered to be redundant as the
power cable insulation being used is fire retardant and will not support combustion without
excitation. Thermal blankets are used to enhance separation of cables in certain locations. Use
of blankets inside the containment has been evaluated to show they will not degrade and block
the recirculation sump in the event of a loss-of-coolant accident. Thermal blankets are not
intended to be rated fire barriers for purposes of meeting requirements of NFPA or 10 CFR 50
Appendix R.

A few non-safety related power cables run with or cross-over redundant safety circuits. Fuses
and/or current limiters (which are similar to fuses) have been installed in these circuits to ensure
that an overload or fault will not cause them to exceed thermal limits and affect redundant
channels.

The electrical tunnel consists of a square concrete conduit having an inside dimension of
approximately 10-ft wide and 8-ft high. Arrayed on either side of a 3-ft aisle are seven 36-in.
ladder trays on one side and four 36-in. and one 1-ft tray on the other side. These trays in the
Electrical Tunnel are arranged in two vertical stacks with one stack supplying the PAB upper
elevations and EDG Building and the other supplying the PAB lower elevations, the Auxiliary
Feedwater Building and the Containment. Separation between redundant channels is a
minimum of 7.5” vertically and varies horizontally from a 16-gauge sheet metal divider to the
width of the aisle. The four channels on nuclear instrumentation sensor cables are in individual
conduits that are supported at the end of the four trays and have a separation of approximately
12-in.

Inside the Electrical Tunnel, the power channels have a vertical separation of 7.5-in. which
includes a 0.25-in. transite barrier or 16-gauge sheet metal barrier between trays as previously
described. Power channels are separated horizontally by two 16-gauge sheet metal dividers
with approximately 1-in. space between them.
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Trays outside the Electrical tunnel are generally arranged in stacked configurations. Trays are
separated vertically to the maximum extent practicable since vertical separation between trays
varies based on cable functionality and location within the plant.

Plant Drawing 243317 [Formerly UFSAR Figure 7.2-24] shows a section view of the tunnel and
identifies the channeling used within the area.

7.2.4.1.4 Reactor Protection and Engineered Safety System Cable Circuits

The reactor protection and engineered safety system cable circuits are divided into as many
channels as is required to preserve the basic redundancy and independence of the systems.
Channel separation is maintained as indicated below and is continuous from the sensors at the
entrance to the receiver racks to logic cabinets to actuation devices in such a manner that failure
within a single channel is not likely to cause the loss of the basic protection system or cause a
failure that would prevent the actuation of the minimum safeguards devices when called for.

To satisfy the above criteria, the following are provided: for instrument cables, four separate
channels throughout; for control and small power cables, a minimum of two separate channels
throughout, a third in many portions of the raceway system and a fourth as required; for heavy
power cables, a minimum of two separate channels throughout and a third in most portions of
the raceway system; and diesel and switchgear direct current control feeds that originally utilized
two battery power supplies have been upgraded to four battery power supplies as part of the
improvements made to the 125-V DC supplies. In addition to such channels of separation,
cables are also assigned to individual routing systems in accordance with voltage level, size, and
function category.

Seven (7) major independent conduit and/or tray systems are used for such purposes and
establish the separation of the following:

6.9-kV AC power cables.

Heavy 125-V DC power cables and heavy 480-V AC (over 100 hp) power cables.
Lighting panel feeders and medium power (greater than No. 12 AWG wire size)
480-V AC cables.

Control and small power cables.

Instrument cables.

Rod control cables.

13.8KV AC power cables.

wnN e

No ok

Typically, cables are routed in cable trays consistent with their voltage level classification. There
are instances where cables are routed in a cable tray that is associated with a different voltage
class, which results in a mixing of cables. The voltage class mixing of certain cables is governed
by the IP2 Electrical Separation Design Criteria standard or by approved Design Engineering
evaluations.

7.2.4.1.5 Electrical Penetrations
The electrical penetrations are in a single area, composed of about 60 assemblies arrayed in a

group of low voltage power, control, and instrument wire assemblies and a separate group of
6.9-kV assemblies. The 6.9-kV assemblies are separated from the rest of the units by a distance
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distance of approximately 6-ft.

The main group of assemblies (penetration canisters) are arranged in four rows high, with each
row separated from another row by 3-ft. Each assembly in a row is spaced on approximately 3-ft
centers. Each assembly has only one category of circuit within it. The various penetration
canisters consist of units of No. 12 AWG, No. 16 AWG shielded twisted pairs, No. 16 AWG
shielded twisted quads, No. 10 AWG, No. 4 AWG, 250 MCM No. 4/0 AWG, and triax. Channel
separation is maintained to and from the penetrations and no two safety system channels are
run through a single penetration. Heavy power assemblies are placed in the bottom two rows of
penetrations. The bottom row of penetrations is below the postulated post-LOCA flood level and
included no safety-related assemblies. Redundant heavy power penetrations are not adjacent to
each other nor are they vertically stacked. The northwest portion of the Electrical Penetration
area is dedicated for Train “A”, the middle portion for Train “B” and the southeast potion for Train
“C” heavy power penetrations.

In general, the separation between redundant or channelized circuits is expected to be greater
than the spacing between two adjacent assemblies.

In the containment electrical penetration area, the free air spacing between redundant channel
conductors, located in adjacent penetrations is at least twenty-eight (28") inches. It is unlikely
that any incident could affect more than one penetration. However, transite barriers above the
power cables at the penetrations inside and outside of containment are designed to give added
protection against damage to cables located above in the event of a high-capacity fault.

However, some low voltage power, control and instrumentation channels, located in adjacent
electrical penetrations, have free air spacing between redundant channel conductors, of at least
twenty-eight (28") inches. The control instrument and small power assemblies are furnished with
factory installed pigtails, and field splices are therefore well away from the canister face. The
electrical penetration area is in a concrete vault, dead ended at one end so that no traffic is
expected in this area.

7.2.4.1.6 Cable Separation

The design and use of fire stops, seals and barriers to meet 10 CFR 50.48 criteria for the
prevention of flame propagation where cable and cable trays pass through walls and floors is
found in the document under separate cover entitled, “IP2 Fire Hazards Analysis."

The safeguards control panels (SB-1, SB-2) have protective barriers installed to prevent
inadvertent contact or damage to control cables, fuses, relays, and switches by personnel in the
service aisle. These devices consist of barriers over horizontal terminal strips, vulnerable switch
terminals, and expanded metal covers over the back of the front safeguards panels and the front
of the rear safeguards panels.

Cables are protected in hostile environments by a number of devices. Running the cable in a
rigid, galvanized conduit is the most frequently used method of protection. For underground
runs, polyvinyl chloride heavy wall conduit encased in a concrete envelope provides maximum
protection. When cable is run in a tray, peaked covers are used in areas where physical
damage to cables may result from falling objects or liquids. In addition, covers are provided on
horizontal cable trays that are exposed to the sun.
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Conduits and cables are marked by tags attached at each end. These tags are embossed to
conform to the identification given in the Conduit and Cable Schedule. At each conductor cable
termination, the conductors are marked to indicate the terminal designation of each conductor.

The control over and administrative responsibility for all of the above during design and
installation rested with United Engineers and Constructors, Inc., as the architect-engineer and
with WEDCO as the construction contractor.

In the containment electrical penetration area, the free air spacing between redundant channel
conductors, located in adjacent penetrations, is at least twenty-eight (28") inches. It is
considered unlikely that any incident could affect more than one penetration. However, transite
barriers above the power cables at the penetrations inside and outside of containment are
designed to give added protection against damage to cables located above in the event of a
high-capacity fault.

Redundancy and separation requirements were initiated by the cognizant electrical or
mechanical design engineer. These were then reviewed by the designers of the electrical
system installation, thus providing a check. The work of the designer, who prepared the
applicable circuit schedule sheet (which designates the cable routing and termination), was spot
checked by the cognizant electrical engineer.

The construction group installed the cable as directed by the circuit schedule sheet. The
installations were followed by Westinghouse field engineers, and spot checks of circuit
installations were made to ensure further that the installation was in accordance with the design.
Con Edison also spot checked the installation.

7.2.4.1.7 Cables

The bulk of original plant cables outside the containment, with the exception of the 8-kV, are
insulated with polyvinyl chloride with a fire retardant asbestos jacket. Excluding the 8-kV cables,
cables used inside the containment are silicone rubber or Kerite insulated to provide greater
radiation resistance. The 8-kV cables are insulated with XLPE and are run in separate trays with
maintained spacing. Cables used for plant additions include EPR/neoprene insulation for outside
the containment and cross-linked polyethylene insulation for inside and outside of the
containment. [Deleted] Cables used for plant additions or cables entering the Safeguards
Raceway have been designed to originally referenced FSAR cable tests and the latest applicable
versions of IEEE-323 and IEEE-383. Cables that do not enter the Safeguards Raceway, i.e.
cables rated above 600V, maintenance and test cables, grounding and communication / data
processing cables and Unit 1 cables are not designed to meet the requirements of IEEE-323 or
IEEE-383.

Physical loading of cable trays was controlled by means of the conduit and cable schedule.
Trays containing instrumentation, control and small / medium power cables were regulated to
have a maximum full of 70-percent of the tray area, while those containing larger power cables
were limited to one or two layers depending on the size and use of the cables.

Cables in trays with no maintained spacing were derated according to their temperature rating,
the number of cables in the tray, and size variation of these cables. The base rating and
foundation for all derating calculations was taken from IPCEA Publication P-46-426, "Power
Cable Ampacities — Copper Conductors," using the proper conductor temperature and ambient
conditions for the application. A derating factor was then applied to the base rating according to
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the number of conductors in the tray. Cables on opposite sides of the dividers in power trays
were considered to be in different trays for this calculation. The derating factor used was based
on standard load diversity. Lastly, the cables were derated to eliminate any hot spots that might
occur due to the presence of larger-than-average size conductors in the tray. For the
pressurizer heater cables that have no diversity, a thermal study was made using actual load
conditions to determine that the internal temperature of the cables was within safe limits.

All cables serving 6.9-kV motors, station service transformers, 480-V switchgear supplied
motors, and 480-V motor control centers are protected against overloads by circuit breakers.
The 480-V circuits for motors under 125 hp are protected by fuses and/or circuit breakers. In
some instances, fuses are backed up by circuit breakers or overload devices in the starters for
these motors. Instrumentation and direct current circuits are protected by circuit breakers.

To provide forced-air circulation to maintain cable conductor temperatures within acceptable
limits, two separate fans either of which is capable of removing all heat necessary to prevent
excessive cable temperatures during operation of the safeguard equipment, have been provided
for the electrical tunnel. These fans are supplied from separate diesel-generator buses.

7.2.4.2 Electrical Equipment Design

The safety-related electrical equipment is designed to operate and perform its design function
within specified safe limits without degradation of performance (accuracy, repeatability, time
response) under the expected normal and abnormal ambient conditions associated with its
location. The normal ambient design temperature range is 75°F plus or minus 10°F for
equipment located in the central control room. The abnormal ambient condition associated with
the design of the safety equipment in the central control room is 120°F for short-term operation
associated with a loss of air conditioning. Safety-related electrical equipment in other than the
central control room is designed to operate under the worst-case environment for which it is
required to perform its function. For example, in the containment, the ex-core neutron detectors
and cables are designed to operate continuously in an ambient temperature of 135°F and for a
period of at least eight (8) hours in an ambient temperature of 175°F, and a maximum pressure
of 100 psia, provided the detector connectors are protected against moisture intrusion.
However, as discussed in the NRC's November 27, 1995 Supplemental Safety Evaluation, the
excore neutron flux instrumentation doesn't need to be environmentally qualified per Regulatory
Guide 1.97 Revision 2 because accident diagnosis and plant recovery can be accomplished
using alternate instrumentation and boron capability as directed by plant Emergency Operating
Procedures. All plant areas which can be subjected to harsh environmental conditions as a
result of LOCA or HELB and environmental parameters for those areas, at IP2, are identified by
Calculation #PGI-00408-00 Rev. 0 (Reference 9). Environmentally qualified safety related
process transmitters and sensors throughout the plant will function normally in a normal
environmental conditions, and under an accident situation to abnormal environmental conditions,
subjected to environmental parameters as defined by their site specific locations per Tables 9.1-
1 & 9.1-2 of the Electrical Equipment Environmental Qualification Program (Reference 10) and
IP2-EQ Master List (Reference 11). The effective inside containment normal temperature for
calculating equipment qualified life is a continuous annual temperature of 120°F. It has been
demonstrated by analyses that a continuous annual temperature of 120°F is a conservative
temperature for equipment qualification purposes, as it envelopes the thermal degradation
resulting from utilization of average monthly temperatures ranging from 95 to 130°F
(Reference 9).
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The ventilation systems of concern outside the central control room are designed to cope with a
single active failure. For example, in the event of a design basis accident with the single active
failure occurring in the PAB ventilation system, all safety related systems would survive the
resulting increase in area temperature. Credit is taken for operator action upon entry into the
recirculation phase. The limiting case is the Small Break Loss of Coolant Accident, wherein
recirculation is delayed until 4 hours after the accident. At this point the maximum temperature is
144°F (by analysis) in the SI pumps room.

The central control room contains most of the safety-related equipment; therefore, it represents
the limiting condition for temperature that would require reactor shutdown. The central control
room ventilation system is designed to accommodate certain active or passive failures. Operator
action is not required to prevent unacceptable temperatures in safety-related equipment located
in the central control room.

The central control room air conditioning system consists of an air conditioning unit with design
flow of 9,200 cfm, a back-up ventilation fan in parallel with the same design capacity, one 2,000
cfm high efficiency particulate air (HEPA) charcoal filter unit, two (for redundancy) 2,000 cfm
booster fans for filter operation, one 2,300 cfm emergency ventilation fan located in the
supervisory control panel exhaust system, and associated duct work and dampers. The back up
fan unit starts automatically on a loss-of-air flow. The Indian Point Unit 2 central control room air
conditioning and ventilating system is powered from redundant buses serviced by the emergency
diesel generators.

It is design policy that the functional capacity of the central control room shall be maintained at
all times inclusive of accident conditions, such as a maximum credible accident (MCA) or a fire.
Hence, to specify the limiting conditions, two cases must be considered: failure of the air
conditioning system during normal operation and failure subsequent to or coincident with an
MCA. Considering first the case where failure occurs during normal operation, the objective is to
ensure that temperatures do not exceed levels where reactor protection system and safeguards
system setpoints are altered appreciably and to ensure that remote hot shutdown capability is
not compromised. The maximum tolerable upper limit is 120°F.

On a loss of the Indian Point Unit 2 air conditioning system, the control room temperature under
operating conditions and outside design temperatures of 93°F dry bulb and 75°F wet bulb will
rise to a level where the heat released to the room by the equipment and lights will balance the
transmission losses through the walls, floor, and ceiling. This temperature has been calculated
for the following condition:

Unit 1 air conditioning system operating with 100-percent recirculated air (no outside air).
In this case, when the loss of Unit 2 air conditioning occurs, the following action will take place:
1. All lights except emergency lights will be turned off.
2. The emergency vent fan on the supervisory control panel exhaust system will
start automatically.
Under these conditions, the maximum room temperature will be 104.6°F.
The room supply air to the supervisory panel will be at a temperature approximately 2°F lower

than this room temperatures because of stratification. Therefore, the supervisory panel
temperatures will be approximately:
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104.6°F - 2°F + 4.7°F = 107.3°F

[Note: 4.7 F = temperature rise due to heat pickup in supervisory control panel based on 3-kW
load]

There is no latent heat released to the room from equipment and an insignificant amount from
the operators. Therefore, the humidity will remain 50-percent or lower and will decrease as the
temperature increases.

The design basis is that the safety-related analog-type electrical equipment will perform its
required functions within the required accuracies for ambient conditions of 120°F. If the central
control room (CCR) temperature reaches 104°F with no outside air, or 109°F with outside air
intake, a plant shutdown will be initiated. If the CCR temperature reaches 120°F, the reactor will
be manually tripped. Central control room annunciation is not provided for high ambient
temperatures or loss of air conditioning.

A self-contained refrigerant air conditioning system has been installed to further circulate and
cool air within the central control room. The system provides more cooling for operator comfort
during the summer months. The system is not required for an accident. For this reason, the
system does not meet seismic Class | design criteria, but it has been reinforced to withstand the
safe-shutdown earthquake in order to prevent it from damaging the central control room
postaccident ventilation system on the roof and the safety equipment inside the central control
room.

The outside makeup air to the Indian Point Unit 1 control room has been cut off. The outside
control dampers are disconnected and sheet metal closure plates are installed.

During the postaccident period, the Indian Point Unit 2 charcoal filter and fan system for the
central control room ventilation system functions to remove fission products as described in
Section 9.9.

Factory testing was performed on various safety-related systems such as process control,
nuclear instrumentation, and logic relay racks. This testing involved demonstrating the operation
of proper safety functions with increased ambient temperatures of at least 120°F for process
control and nuclear instrumentation. The logic relay racks were tested to determine temperature
rise of the cabinet under full-load conditions. From this test, it was determined that the relays
would perform their function in an ambient temperature of 130°F.

7.24.2.1 Loss of Instrument Power

A loss of power in the reactor protection system ensures the affected channel to trip. All
bistables operate in a normally energized state and go to a deenergized state to initiate action.
Loss of power thus automatically forces the bistables into the tripped state.

The availability of power at each instrument bus is continuously monitored by selecting individual
bus voltage indication at a common voltmeter located at the rear of Flight Panel FD. The loss of
instrument power to sensors or instruments in a protection channel deenergizes the bistable(s)
to actuate the engineered safety features (ESF) logic associated with that channel, except for
containment spray, where the bistable(s) energize to actuate the containment spray logic.
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7.24.2.2 Primary Power Source

The primary source of control power for the reactor protection system is the vital instrument
buses described in Section 8.2. The source of power for the measuring elements and the
actuation circuits in the engineered safety features instrumentation is also from those buses.
The safety injection master and auxiliary relays are energized to actuate by the 125-V DC
system.

7.2.4.3 Reactor Trip Signal Testing

Provisions on nonnuclear instrumentation are made for “at power” testing of all portions of each
trip circuit including the reactor trip breakers. Administrative procedures require that the final
element in a trip channel (required during power operation) is placed in the trip or bypass mode
before that channel is taken out of service for repair or testing. In the source and intermediate
ranges where the trip logic is one-out-of two for each range, bypasses are provided for this
testing procedure.

Nuclear power range channels are tested by superimposing a test signal on the normal sensor
signal so that the reactor trip protection is not bypassed. On the basis of coincident logic (two-
out-of-four), this will not trip the reactor; however, a trip will occur if a reactor trip is required.

Provision is made for the insertion of test signals in each analog loop. The verification of the test
signal is made by station instruments at test points specifically provided for this purpose. This
enables testing and calibration of meters and bistables. Transmitters and sensors are checked
against each other and against precision readout equipment during normal power operation.

7.243.1 Analog Channel Testing
Testing of analog protection channels is discussed in Section 7.2.2.7.

Administrative controls prevent the nuclear instrumentation source range and intermediate range
protection channels from being disabled during periodic testing. Power range overpower
protection cannot be disabled because this function is not affected by the testing of circuits.
Administrative controls also prevent the power range dropped rod protection from being disabled
by testing. In addition, the rod position system would provide indication and associated
corrective actions for a dropped rod condition.

7.24.3.2 Logic Channel Testing

The general design features of the logic system are described below. The trip relays for typical
trip functions are shown in Figure 7.2-26. The analog portions of these channels are described
in Plant Drawings 243324 and 243311 [Formerly UFSAR Figures 7.2-27 and 7.2-28]. Each
bistable drives two relays ("A" and "B" for level and "C" and "D" for pressure). Contacts from the
A and C relays are arranged in two-out-of-three and two-out-of-four trip matrices, which actuate
the trip relays for trip breaker A. These configurations are duplicated for trip relays for breaker B
using contacts from the B and D relays. A series configuration is used for the trip breakers as
they are actuated (opened) by undervoltage coils. This approach is consistent with a
deenergize-to-trip preferred failure mode. Additionally, the reactor trip breakers are equipped
with shunt trip coils, which are activated on a trip signal (Figure 7.2-30). The logic system testing
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testing includes exercising the reactor trip breakers to demonstrate system integrity. Bypass
breakers are provided for this purpose. During normal operation, these bypass breakers are
open and racked out. Administrative control is used to minimize the amount of time these
breakers are closed. Closure of the breaker is controlled from its respective logic test panel in
the central control room. An interlock is provided that trips both bypass breakers open if a
second bypass breaker is closed. The status of the reactor trip breaker is indicated in the central
control room by indicating lights.

As shown in Figure 7.2-26, the trip signal from the logic network is simultaneously applied to the
main trip breaker associated with the specific logic chain as well as the bypass breaker
associated with the alternative trip breaker. Should a valid trip occur while BYA is bypassing
RTA, RTB will be opened through its associated logic train. The trip signal applied to RTB is
simultaneously applied to BYA, thereby opening the bypass around RTA. RTA would either
have been opened manually as part of the test or would be opened through its associated logic
train, which would be operational or tripped during a test.

An auxiliary relay is located in parallel with the undervoltage coils of the trip breakers. This relay
is tied to the safety assessment system to indicate the transmission of a trip signal through the
logic network during testing, and to record trip system demands. Lights are also provided to
indicate the status of the individual logic relays.

The following procedure illustrates the method used for testing trip breaker A and its associated
logic network:

1. With the bypass breaker BYA racked out, manually close and trip BYA to verify
operation.

2. Rack in and close BYA. Trip RTA.

3. Sequentially deenergize the trip relays (A1,A2,A3) for each logic combination (1-

2,1-3,2-3). Verify that the logic network deenergizes the undervoltage coil on
RTA for each logic combination. Neon lights have been provided to indicate the
operation of the undervoltage coil.

4, Repeat step 3 for every logic combination in each matrix.
5. Reset RTA. Rack BYB to the test position.
6. Trip RTA and BYB by their undervoltage coils to validate prior test results as

evidenced by the neon lights.
7. Reset RTA, then trip it by the shunt trip coil.
8. Reset RTA. Trip and rack out BYA and BYB.

7.2.4.4 Bypass Breakers

The intention is to leave the bypass breakers, housed in their respective switchgear units, locked
in the withdrawn (non-operating) position. The positioning of these breakers to the operating
position for logic system testing is under the administrative control of the operator. The closing
of the breaker is controlled from its respective logic test panel in the central control room. The
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room. The status of the breaker is indicated in the control room by indicating lights. An interlock
is provided that will trip both bypass breakers open if a second bypass breaker is closed.
Reactor trip breaker position lights for both the main and bypass breakers (four) are in the
control room on the reactor protection test panels.

In order to minimize the possibility of operational errors from either the standpoint of tripping the
reactor inadvertently or only partially checking all logic combinations, each logic network
includes a logic channel test panel. This panel includes those test switches and indicating lights,
needed to verify correct functional performance of the reactor protection system logic trip
matrices. The test switches used to deenergize the trip bistable relays operate through
interposing relays as shown in Plant Drawings 243322 and 243324 [Formerly UFSAR Figures
7.2-25 and 7.2-27]. This approach avoids violating the separation philosophy used in the analog
channel design. Thus, although test switches for redundant channels are conveniently grouped
on a single panel to facilitate testing, physical and electrical isolation of redundant protection
channels is maintained by the inclusion of the interposing relay, which is actuated by the logic
test switches.

7.2.4.5 Engineered Safety Features Actuation Instrumentation Description

The engineered safety features actuation circuitry is designed to maintain channel isolation up to
and including the bistable operated logic relay, similar to that of the reactor protection circuitry.
The general arrangement of this layout is shown in Figure 7.2-15, with supplemental details in
Plant Drawings 243319 and 243320 [Formerly UFSAR Figures 7.2-16 and 7.2-17]. Although a
four-channel system is illustrated in Figure 7.2-15, circuitry and hardware layout discussion is
sufficiently general to apply to an “n” channel system. Channel separation is maintained by
providing separate racks for each analog protection channel and separate relay rack
compartments for each logic train. Channel identity is lost in the relay wiring required for matrix
logic makeup. It should be noted that although channel individualization is lost, twin matrix logic
trains are developed, thus ensuring a redundant actuation system.

The engineered safety feature bistables drive the logic relay coils C and D as shown in Figures
7.2-15 and 7.2-17. These logic relay coils are deenergized by their bistables when an abnormal
condition exists; exceptions to this deenergized-to-operate principle are initiation of containment
spray and the pressurizer pressure manual block permissive. Each bistable will actuate two (2)
logic relays, one for each Train, which contacts are utilized to develop the logic matrices for
initiating safeguards action. In Figure 7.2-15, these relay contacts are shown directly below the
relay coil. Because these coils would normally be energized, their contacts would remain open
and thus an open circuit between the voltage source and master actuating relay would exist.
Deenergizing any of the two logic relay coils would cause their corresponding contacts to close,
which would complete the circuit and energize the master actuating relays. Although the
illustration here is for a two-out-of-four matrix, the design and sequence of operation for any of
the logic matrices is the same. The master actuating relay (M) is a latch-type relay having an
operate (M/0), an intermediate (K) and a reset (M/R) coil. Once the logic matrix is made up, as
described above, the circuit that energizes the master actuating relay is complete. Figure 7.2-15
illustrates the master actuating relay (M); an enlarged view may be found in Plant Drawing
243319 [Formerly UFSAR Figure 7.2-16]. With potential applied to the relay, the operate coil
(M/0) is energized, thus closing the (M) contacts that energize the slave relays (SRs), as shown
in Figure 7.2-15. The master relay is latched in this position until the reset coil (M/R) is
energized.

As a minimum, slave relay outputs from the Train A logic system actuate the Train A safeguards
components, and slave relay outputs from the Train B logic system actuate the Train B
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safeguards components. All components not identified with a specific Train and many
safeguards components are actuated by both logic systems.

After an approximately 2-min time delay to ensure the completion of the actuation sequence, the
master actuating relay may be manually reset by operating the reset switch (see Figure 7.2-15
and Plant Drawing 243319 [Formerly UFSAR 7.2-16]). With the reset coil (M/R) energized, all of
the (M) contacts are returned to their deenergized positions as shown in Figure 7.2-15.
Resetting the master relay does not interfere with the operation status of the engineered safety
features equipment. Manual safety injection initiation is maintained even with reset activated.

A study was conducted to determine whether or not, upon the reset of an engineered safety
features actuation signal, all associated safety-related equipment remains in its emergency
mode. The review resulted in the addition of some actuation relays with a self-seal-in feature
that will maintain the respective safeguards equipment in the emergency or safeguards mode
when the engineered safety features signal is reset.

7.2.4.6 Engineered Safety Features Logic Testing

Figures 7.2-15 and 7.2-17, and Plant Drawing 243319 [Formerly UFSAR Figure 7.2-16] illustrate
the basic logic test scheme. Test switches are located in the associated relay racks rather than
in a single test panel. The following steps indicate the method of testing the logic matrices:

1. Test of either train A or train B is performed one train at a time; this is under
administrative control.

2. A selection of the matrix function to be tested is made. Plant Drawing 243319
[Formerly UFSAR Figure 7.2-16], for example, illustrates some of these functional
matrices.

3. The logic test switch is a dual function switch that is first turned to operate one

series of contacts and then depressed to operate other contacts. Turning the
logic test switch to the right will illuminate the “test switch in test position” lamp.
The slave actuating relays are removed from this part of the test by opening
Flexitest switches located in the output circuit of the master relay in order to avoid
unintentional starting of the engineered safety features equipment. Intentional
start is available through the other train that has operational status.

4, Depressing the logic test switch, will deenergize the logic relay coil, thus closing
contacts of that logic relay (i.e., closing logic relay contacts forms the logic matrix
to energize the associate master relay as shown in Figure 7.2-15 or 7.2-17). By
performing the above sequence, it is possible to simulate all actuating logic
combinations required to develop the matrix. When the matrix is made, the
master relay is actuated, which verifies proper operation of this matrix. As
indicated in paragraph 3 above the slave relays remain deenergized, preventing
actuation of ESF equipment.

5. Proper test development of a logic matrix would be indicated by illumination of a
matrix test lamp, as shown in Figure 7.2-17.

6. When testing of the logic matrix is complete, the equipment is returned to

operational status by turning all test switches to the left and closing the Flexitest
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switches. The control board annunciator warns the operator of any test switch left
in the test position; thus, return to operational status by action of the individual
doing the test is verified by the operator at the control board. Testing steps for the
logic matrices of train B are identical to that described above for train A.

7.2.5 Protective Actions

7.2.5.1 Reactor Trip Description

Rapid reactivity shutdown is provided by the insertion of the rod cluster control assemblies by
gravity fall to compensate for fast reactivity effects (e.g., doppler and moderator temperature
effects). Duplicate series-connected circuit breakers supply all power to the control rod drive
mechanisms. The full-length control rod drive mechanism coils must be energized for the rod
cluster control assemblies to remain withdrawn from the core. The rod cluster control
assemblies fall by gravity into the core upon loss of power to the control rod drive mechanism
coils. The trip breakers are opened by the undervoltage coils on both breakers (normally
energized), which become deenergized by any of several trip signals.

The shunt trip coils of the breakers provide a backup to the undervoltage trip coils for the
automatically initiated reactor trip signals with the utilization of relays ST and ST-1 in the trip coil
circuits shown schematically in Figure 7.2-30. Both relays must be deenergized to actuate the
shunt coil.

The electrical state of the devices providing signals to the circuit breaker undervoltage trip coils
is such as to cause these cails to trip the breaker in the event of reactor trip or power loss.

Certain reactor trip channels are automatically bypassed at low power where they are not
required for safety. Nuclear source range and intermediate range trips that are specifically
provided for protection at low-power or subcritical operation are bypassed by operator manual
action after receiving a permissive signal from the next higher range of instrumentation to
establish operational status to permit low-power operation.

During power operation, a sufficiently rapid shutdown capability in the form of rod cluster control
assemblies is administratively maintained through the control rod insertion limit monitors.
Administrative control requires that all shutdown rods be in the fully withdrawn position during
power operation.

A resume of reactor trips, means of actuation, and the coincident circuit requirements is given in
Table 7.2-1. The permissive circuits (e.g., P-7) are listed in Table 7.2-2.

72511 Manual Trip

The manual actuating devices are independent of the automatic trip circuitry and are not subject
to failures that make the automatic circuitry inoperable. Either of two manual trip devices located
in the control room will initiate a reactor trip. There are no interlocks associated with these trip
actuating devices.

A manual trip energizes the shunt trip coils of the reactor breakers. The coils are fed by two
independent sources. The channelization matches the power trains of the reactor protection trip
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logic channels associated with each reactor breaker, enhancing the manual reactor trip
availability.

7.25.1.2 High Nuclear Flux (Power Range) Trip

This circuit trips the reactor when two-out-of-four power range channels read above the trip
setpoint. There are two independent trip settings, a high and a low setting. The high trip setting
provides protection during power operation. The low setting, which provides protection during
startup, can be manually bypassed when two-out-of-four power range channels read above
approximately 10-percent power (P-10). Three-out-of-four channels below 10-percent
automatically reinstates the trip protection. The high setting is always active.

7.25.1.3 High Nuclear Flux (Intermediate Range) Trip

This circuit trips the reactor when one-out-of-two intermediate range channels reads above the
trip setpoint. This trip, which provides protection during reactor startup, can be manually
bypassed if two-out-of-four power range channels are above approximately 10-percent power (P-
10). Three-out-of-four channels below this value automatically reinstates the trip protection. To
prevent inadvertent and unnecessary reactor trips during power reductions prior to shut down,
operating procedures allow these trips to be manually bypassed until they have reset to the
untripped condition and the reset has been verified. The intermediate channels (including
detectors) are separate from the power range channels.

7.25.14 High Nuclear Flux (Source Range) Trip

This circuit trips the reactor when one of the two source range channel count levels (neutron
flux) reads above the level trip setpoint. The trip, which provides protection during reactor
startup, can be manually bypassed when one-out-of-two intermediate range channels reads
above the P-6 setpoint value. This trip is also bypassed by two-out-of-four high power range
signals (P-10). It can be reinstated below P-10 by an administrative action requiring coincident
manual actuation.

The trip point is set between the source range cutoff power level and the maximum source range
power level.

7.2.5.1.5 Overtemperature AT Trip
The purpose of this trip is to protect the core against departure from nucleate boiling (DNB).
This circuit trips the reactor on coincidence of two-out-of-four signals, with two sensors (two sets

of temperature measurements, hot and cold) per loop. The setpoint for this reactor trip is
continuously calculated for each channel by solving equations of this form:

1+7z,s
ATsetpoint = AT, {Kl - K2£1+ :

where

j(T ~TY+K,(P-P)- f(Al)

2

AT, = loop specific indicated AT at rated power (°F)

K; = setpoint bias
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K,, K3 = constants based on the effect of temperature and pressure on the DNB limits
S = laplace transform operator, sec ™

T = measured reactor coolant average temperature (°F), two measurements (Tc, Th) in
each loop)

T = loop specific indicated average temperature at rated power (°F)

7 17 » = time constants, sec

P = measured pressurizer pressure, four independent measurements (psig)

P’ = nominal pressure at rated power, 2235 psig

F.(Al) = function of the indicated difference between top and bottom detectors of the
power range nuclear ion chambers with gains to be selected on the basis of
measured instrument response during plant startup tests

7.25.1.6 Overpower AT Trip

The purpose of this trip is to protect against excessive power (fuel rod rating protection). This
circuit trips the reactor on coincidence of two-out-of-four signals, with two hot and cold sensors
(two sets of temperature measurements) per loop.

The setpoint for this reactor trip is continuously calculated for each channel by solving equations
of the form:

T n
Ao = AT, {Kzl - K{Hf SJT— Ko(T-T")= f,(41)
3

where

ATo= loop specific indicated AT at rated power (°F)
K4 = setpoint bias

Ks = constant

7 3= time constants, sec

1

S= laplace transform operator, sec -

T = measured reactor coolant average temperature (°F), two measurements (T¢, Ty) in
each loop (°F)

Ks = constant

T” = loop specific indicated average temperature at rated power (°F)
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F,(Al) = function of the indicated difference between top and bottom detectors of the
power range nuclear ion chambers with gains to be selected on the basis of measured
instrument response during plant startup tests

7.25.1.7 Low Pressurizer Pressure Trip

The purpose of this circuit is to protect against excessive core steam voids that could lead to
departure from nucleate boiling. The circuit trips the reactor on coincidence of two-out-of-four
low pressurizer pressure signals. This trip is blocked when three-out-of-four power range
channels and two-out-of-two turbine inlet pressure channels read below approximately 10-
percent power (P-7).

7.25.1.8 High Pressurizer Pressure Trip

The purpose of this circuit is to limit the range of required protection from the overtemperature
AT trip and to protect against reactor coolant system overpressure. This circuit trips the reactor
on coincidence of two-out-of-three high pressurizer pressure signals.

7.25.19 High Pressurizer Water Level Trip

This trip is provided as a backup to the high pressurizer pressure trip. The coincidence of two-
out-of-three high pressurizer water level signals trips the reactor. This trip is bypassed when any
of three-out-of-four power range channels and two-out-of-two turbine inlet pressure channels
read below approximately 10-percent power (P-7).

7.2.5.1.10 Low Reactor Coolant Flow Trip

A reactor trip on underfrequency is generated by a signal indicating an underfrequency condition
on two-out-of-four buses, which opens all reactor coolant pump breakers, which in turn trips the
reactor. The purpose of this trip is to provide protection following a major network frequency
disturbance. This design satisfies the proposed IEEE criteria for nuclear power plant protection
system (IEEE-279 Code), dated August 28, 1968.

An undervoltage trip is also generated on a signal indicating an under-voltage condition of two-
out-of-four buses, with one signal per bus.

An undervoltage trip is provided for protection following a complete loss of power. This design
satisfies the proposed IEEE criteria for nuclear power plant protection system (IEEE-279 Code),
dated August 28, 1968.

With a reactor coolant pump bus underfrequency, all reactor coolant pumps are tripped with this
signal generating a reactor trip. In the event of a frequency disturbance, the primary requirement
is to release the reactor coolant pumps from the network to preserve their kinetic energy.

The means of sensing a loss-of-coolant-flow accident are as follows:

1. Measured low flow in the reactor coolant loop - The low flow trip signal is actuated
by the coincidence of two-out-of-three signals for any reactor coolant loop. The
loss of flow in any two loops causes a reactor trip in the power range above
approximately 10-percent (P-7). Above approximately 20-percent power (P-8), the
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(P-8), the loss of flow in any loop causes a reactor trip. The instrument used for
flow measurement is an elbow tap and is discussed in Chapter 4.

2. Undervoltage on any two-out-of-four reactor coolant pump buses will cause a
reactor trip above approximately 10-percent power (P-7).

3. Reactor coolant pump circuit breaker open

a. Underfrequency on any two-out-of-four reactor coolant pump buses will trip
the breakers of all four reactor coolant pumps and cause a reactor trip above
approximately 10-percent power (P-7).

b. Undervoltage on any single bus will trip the breaker of the associated reactor
coolant pump after a time delay. Above approximately 10-percent power (P-7)
a reactor trip will occur if any two reactor coolant pump circuit breakers are
open. Above approximately 20-percent power (P-8) any open reactor coolant
pump circuit breaker will cause a reactor trip.

Technical Specification 3.3.1 allows the single loop loss of flow trip to be bypassed whenever
reactor power is below approximately 20-percent power (P-8 setpoint). Below this setpoint and
above the permissive setpoint P-7, a loss of flow in two loops would cause a reactor trip. This
permits an orderly plant shutdown under administrative control following a single-loop loss of
flow during low-power operation. Since the plant will not be maintained in operation above
permissive power setting P-7 without three loops in service, independent accidents simultaneous
with a single-loop loss of flow at low power are not considered in the protection system design.

7.25.1.11 Control Rod Protection Trip

This trip provides a backup to the manually initiated action (during reactor coolant system
cooldown) of opening the reactor trip breakers prior to T.,g decreasing below 381°F. This trip is
required to avoid mechanical interference caused by thermal contraction between the fuel and
control rods. Two-out-of-three channels will actuate this trip.

7.25.1.12 Deleted
7.2.5.1.13 Safety Injection System Actuation Trip
A reactor trip occurs when the safety injection system is actuated. The means of actuating the

safety injection system trip are listed below. This design satisfies the proposed IEEE criteria for
nuclear power plant protection system (IEEE-279 Code), dated August 28, 1968.

1. Low pressurizer pressure (2/3).

2. High containment pressure (2/3), set at approximately 2 psig. (10.0 psig assumed
in safety analysis).

3. High differential pressure between any two steam lines (2/3).

4. High steam flow (2/4) coincident with low T, (2/4) or low steam line pressure
(2/4).

5. High-high containment pressure (2 sets of 3, 2/3, high-high pressure) set at
approximately 50-percent of containment design pressure.

6. Manual.
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7.25.1.14 Pressurizer Signal Diversity

In 1970, the available pressurizer automatic protection functions were a reactor trip on low
pressurizer pressure and an ESF trip on low pressurizer pressure coincident with low pressurizer
water level. These two trips provided functional diversity in the event of depressurizations of the
primary system. To provide additional diversity in the event of small breaks in the primary
system, a Containment Pressure High ESF trip setpoint of 2.0 psig was chosen.

In 1979 following the Three Mile Island Unit 2 (TMI-2) event, IE Bulletin 79-06A (Revision 0 and
Revision 1) identified actions to be taken by the licensees of reactors designed by
Westinghouse. One of the actions identified in IE Bulletin 79-06A was to eliminate the coincident
requirement of low pressurizer water level with low pressurizer pressure for an ESF trip. As a
result, an ESF trip occurs on low pressurizer pressure only. In the review of the TMI-2 event, it
was determined that the low pressurizer water level coincidence limited the reliability of the
pressurizer ESF trip. Also, analyses of small breaks located at the top of the pressurizer showed
that the pressurizer water level would increase (although the pressure and mass of the primary
system would be decreasing), which would preclude an ESP trip. The NRC in their Safety
Evaluation Report dated July 10, 1979, concluded that this change satisfied the requirements of
IEEE 279-1971 and that none of the transient and accident analyses are adversely affected by
the change.’

As such, the diversity of the pressurizer trip functions was strengthened by removing the
pressurizer water level coincidence logic from the pressurizer ESF trip function. The low
pressurizer pressure reactor trip signal and the low pressurizer ESF trip signal are actuated by
separate and diverse logic trains. Also, the overtemperature delta-temperature (OTAT) reactor
trip is available depending on initial conditions for providing diverse reactor trip in the event of a
depressurization of the primary system. Although the Containment Pressure High ESF safety
analysis trip setpoint is relaxed to 10.0 psig, it is still available to provide diverse protection for a
range of breaks in the primary system.

7.2.5.1.15 Deleted
7.25.1.16 Steam/Feedwater Flow Mismatch Trip

This trip protects the reactor from a sudden loss of heat sink. The trip is actuated by (1/2)
steam/feedwater flow mismatch, coincident with (1/2) low steam-generator water level, in the
same loop. Plant Drawing 225103 [Formerly UFSAR Figure 7.2-10] shows the logic of this trip.
The design satisfies the Control and Protection System Interaction Criteria of the proposed IEEE
criteria for nuclear power plant protection system (IEEE-279 Code), dated August 28, 1968, for
plants with three level channels per steam generator.

7.25.1.17 Low-Low Steam-Generator Water Level Trip

The purpose of this trip is to protect the steam generators in case of a sustained
steam/feedwater flow mismatch. The trip is actuated on two-out-of-three low-low water level
signals in any steam generator. A diagram of the steam-generator level control and protection
system is shown in Plant Drawing 243328 [Formerly UFSAR Figure 7.2-32].
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7.2.5.1.18 Turbine Trip/Reactor Trip

A turbine trip is sensed by two-out-of-three signals from auto-stop oil pressure. The analysis
discussed in Section 14.1.8 indicates that an immediate reactor trip on turbine trip is not required
for reactor protection; therefore, the design need not satisfy the proposed IEEE criteria for
nuclear power plant protection system (IEEE-279 Code), dated August 28, 1968.

Plant Drawing 225096 [Formerly UFSAR Figure 7.2-3] is a logic diagram for the turbine and
generator trips. A turbine trip signal redundantly dumps the auto-stop oil, which, in turn, closes
all turbine stop valves. Conversely, a reactor trip on turbine trip is generated by redundantly
sensing the loss of auto-stop oil.

7.2.5.1.19 Steam Line Isolation
Any of the following conditions will generate a steam line isolation signal; the design satisfies the

proposed IEEE criteria for nuclear power plant protection system (IEEE-279 Code), dated
August 28, 1968.

1. High steam flow (2/4) in coincidence with low T.4 (2/4) or low steam pressure
(2/4).

2. High-high containment pressure (2/3, twice).

3 Manual action.

7.2.5.1.20 Turbine Runback

A turbine runback is employed following a rod drop event (bypass switches have been installed,
which are normally in the DEFEAT position, so as to bypass the runback on this signal) or loss of
one main feedwater pump. A turbine runback, which uses the mechanical hydraulic turbine
governor control, is achieved by reducing the signal to each of two load limit valves as required
to achieve the required load reduction. Turbine runback is not required for reactor protection;
therefore, this design need not satisfy the proposed IEEE criteria for nuclear power plant
protection system (IEEE-279 Code), dated August 28, 1968. Beginning with the Cycle 11 reload
up to and including the current cycle, dropped rod analyses with and without Turbine Runback
were used and the DNB design basis was satisfied as discussed in Section 14.1.4.

7.2.5.2 Rod Stops

A list of rod stops is provided in Table 7.2-3. Some of these have been previously noted under
permissive circuits, but are listed again for completeness.

7.25.2.1 Rod Drop Protection

Two independent systems are provided to sense a dropped rod: (1) a rod bottom position
detection system and (2) a system, which senses sudden reduction in ex-core neutron flux. Both
protection systems initiate protective action in the form of a turbine load cutback if above a given
power level (see below). This action compensates for possible adverse core power distributions
and permits an orderly retrieval of the dropped rod cluster control (as discussed in Section
14.1.4).

The primary protection for the dropped rod cluster control accident is the rod bottom signal
derived for each rod from its individual position indication system. With the position indication
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systems, initiation of protection is independent of rod location or reactivity worth (as discussed in
Section 14.1.4).

Backup protection is provided by use of the out-of-core power range nuclear detectors and is
particularly effective for larger nuclear flux reductions occurring in the region of the core adjacent
to the detectors. Bypass switches have been installed, which are normally in the DEFEAT
position, so as to bypass this runback signal. The use of these bypass switches is acceptable
based on the results of analyses discussed in Section 14.1.4.

The rod drop detection circuit from nuclear flux consists basically of a comparison of each ion
chamber signal with the same signal taken through a first-order lag network. Since a dropped
rod cluster control assembly will rapidly depress the local neutron flux, the decrease in flux will
be detected by one or more of these four sensors. Such a sudden decrease in ion chamber
current will be seen as a different signal as discussed in Section 14.1.4. A signal greater than 5-
percent reactor power reduction with an impulse unit time constant of 5 sec from any one of the
four power range channels will actuate the rod drop protection circuitry if the turbine runback
switches are not in the DEFEAT position.

Figure 7.4-2 indicates schematically the dropped rod detection circuit and the nuclear protection
system in general. The potential consequences of any dropped rod cluster control assembly are
discussed in Section 14.1 4.

7.25.2.2 Alarms

Any of the following conditions actuate an alarm:

1. Reactor trip (first-out annunciator).
2. Trip of any reactor trip analog channel.
3. Actuation of any permissive circuit or override. (Note: P-7, P-8, pressurizer low

pressure trip block permissive, and auto rod control permissive (15-percent
power) are provided with an indication light only on the flight panel.)

4, Significant deviation of any major control variable (pressure, T, pressurizer
water level, and steam-generator water level).

7.2.5.2.3 Control Group Rod Insertion Limits

The lower insertion limit system is used in an administrative control procedure with the objective
to maintain a rod cluster control assembly shutdown margin.

The control group rod insertion limits, Z,, are calculated as a linear function of reactor power
and reactor coolant average temperature. The equation is

Zi = A(AT) 0 + B(Tavg) +C

where A and B are preset manually adjustable gains and C is a preset manually adjustable bias.
The (AT)ayg and (Tayg) are the average of the individual temperature differences and the coolant
average temperatures, respectively, measured from the reactor coolant hot leg and the cold leg.
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One insertion limit monitor with two alarm setpoints is provided for control bank D. A description
of control and shutdown rod groups is provided in Section 7.3.2. The “APPROACHING ROD
INSERTION LIMIT 12.5”" alarm alerts the operator of an approach to a reduced shutdown
reactivity situation requiring boron addition by following normal procedures with the chemical and
volume control system (Section 9.2). Actuation of “ROD INSERTION LIMIT 0” alarm requires
the operator to take immediate action to add boron to the system by any one of several
alternative methods.

7.2.6 System Evaluation

7.2.6.1 Reactor Protection System and Departure From Nucleate Boiling

The following is a description of how the reactor protection system prevents departure from
nucleate boiling (DNB).

The plant variables affecting the DNB ratio (DNBR) are as follows:

Thermal power.

Coolant flow.

Coolant temperature.

Coolant pressure.

Core power distribution (hot-channel factors).

arwbdE

Figures 7.2-33 Sh. 1 & 2 illustrates the core limits for which DNBR for the hottest rod is at the
design limit and shows the overpower and overtemperature AT reactor trips locus as a function
of Tayg and pressure.

Reactor trips for a fixed high pressurizer pressure and for a fixed low pressurizer pressure are
provided to limit the pressure range over which core protection depends on the variable
overpower and overtemperature AT trips.

Reactor trips on nuclear overpower and low reactor coolant flow are provided for direct,
immediate protection against rapid changes in these variables. However, for all cases in which
the calculated DNBR approaches the applicable DNBR limit, a reactor trip on overpower and/or
overtemperature AT would be actuated.

The AT trip functions are based on the differences between measurements of the hot-leg and
cold-leg temperatures, which are proportional to core power.

The AT trip functions are provided with a nuclear flux feedback to reflect a measure of axial
power distribution. This will assist in preventing an adverse distribution that could lead to
exceeding allowable core conditions.

7.2.6.1.1 Overpower Protection

In addition to the high power range nuclear flux trips, an overpower AT trip is provided (two-out-
of-four logic) to limit the maximum overpower. This trip is of the following form:

Chapter 7, Page 51 of 108
Revision 22, 2010



A-I_setpoint = ATO |:K4 - KS (

where

P2
FSAR UPDATE

7,8
1+7,8

jT — K (T-T")-1,(aAl)

AT, = loop specific indicated AT at rated power (°F)
K4 = setpoint bias

Ks = constant

T 3= time constants, sec

1

S = laplace transform operator, sec -

T = measured reactor coolant average temperature (°F), two measurements (T¢, Ty) in
each loop

Kg = constant
T"= loop specific indicated average temperature at rated power (°F)
F»(Al) = function of the indicated difference between top and bottom detectors of the

power range nuclear ion chambers with gains to be selected on the basis of measured
instrument response during plant startup tests

In addition, a rod stop function is provided in the form:

ATroqg stop — ATtrip - Bp

where By is the setpoint bias (°F).

7.2.6.1.2 Overtemperature Protection

A second AT trip (two-out-of-four logic) provides an overtemperature trip that is a function of
coolant average temperature and pressurizer pressure derived as follows:

1+7,s

ATsetpoint = ATo |:Kl - Kz[l—i_rls](-r _T')"' Ks(P - Pl)_ fl(Al )}

where

ATy = loop specific indicated AT at rated power (° F)

Ki = setpoint bias

K,, K3 = constants based on the effect of temperature and pressure on the DNB limits
T 3= time constants, sec

S = laplace transform operator, sec ™
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T = measured reactor coolant average temperature (° F), two measurements in each loop

(Te, Th)
T = loop specific indicated average temperature at rated power (°F)
P = measured pressurizer pressure, four independent measurements (psig)
P’=  nominal pressure at rated power, 2235 psig

F.(Al) = function of the indicated difference between top and bottom detectors of the
power range nuclear ion chambers with gains to be selected on the basis of
measured instrument response during plant startup tests

Four long ion chamber pairs are provided, and each one independently feeds a separate
overtemperature AT trip channel. Thus, a single failure neither defeats the function nor causes a
spurious trip. The reset function is only in the direction of decreasing the trip setpoint; it cannot
increase the setpoint.

As shown above, if the difference between the top and bottom detectors exceeds a preset limit
indicative of excess power generation in either half of the core, a proportional signal is
transmitted to the overtemperature AT trip to reduce its setpoint.

A similar rod stop function is provided in the form:

ATy = ATy, — By

op — rip ~

where By is the setpoint bias (°F).

Automatic feedback signals are provided to reduce the overpower-overtemperature trip setpoints
and block rod withdrawal to the trip setpoint.

7.2.6.2 Interaction of Control and Protection

The design basis for the control and protection system permits the use of a detector for both
protection and control functions. Where this is done, all equipment common to both the
protection and control circuits are classified as part of the protection system. Isolation amplifiers
prevent a control system failure from affecting the protection system. In addition, where failure of
a protection system component can cause a process excursion that requires protective action,
the protection system can withstand another independent failure without loss of function.
Generally, this is accomplished with two-out-of-four trip logic. Also, wherever practical,
provisions are included in the protection system to prevent a plant outage because of single
failure of a sensor.
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7.2.6.2.1 Specific Control and Protection Interactions
7.2.6.2.1.1 Nuclear Flux

Four power range nuclear flux channels are provided for overpower protection. Isolated outputs
from all four channels are averaged for automatic control rod regulation of power. If any channel
fails in such a way as to produce a lower output, that channel is incapable of proper overpower
protection. Two-out-of-four overpower trip logic will ensure an overpower trip if needed, even
with an independent failure in another channel.

In addition, the control system will respond only to rapid changes in indicated nuclear flux; slow
changes or drifts are overridden by the temperature control signals. The setpoint for this rod
stop is below the reactor trip setpoint.

7.2.6.2.1.2 Coolant Temperature

Four Tag channels are used for overtemperature-overpower protection. (See Plant Drawing
243330 [Formerly UFSAR Figure 7.2-34] for single channel.) Isolated output signals from all four
channels are also averaged for automatic control rod regulation of power and temperature.

In addition, channel deviation alarms in the control system will block automatic rod insertion if
any temperature channel deviates significantly from the others. Two-out-of-four trip logic is used
to ensure that an overtemperature trip will occur if needed even with an independent failure in
another channel. Finally, as shown in Section 14.1, the combination of trips on nuclear
overpower, high pressurizer water level, and high pressurizer pressure also serve to limit an
excursion for any rate of reactivity insertion.

Additional reactor coolant temperature measurements are provided for the alternate safe
shutdown system by four strap-on resistance temperature detectors installed on loops 21 and 22
with display in the fan house. These provide measurements of the hot- and cold-leg
temperatures of their respective loops.

7.2.6.2.1.3 Pressurizer Pressure

Four pressure channels are used for high- and low-pressure protection and for overpower
protection. Isolated output signals from these channels also are used for pressure control and
compensation signals for rod control. These are discussed separately below.

1. Control of rod motion: The discussion for coolant temperature is applicable (i.e.,
two-out-of-four logic for overpower protection as the primary protection), with
backup from multiple rod stops and “backup” trip circuits. In addition, the
pressure compensation signal is limited in the control system such that failure of
the pressure signal cannot cause more than about a 10°F change in T,4. This
change can be accommodated at full power without a DNBR being reduced below
the applicable safety analysis DNBR limit. Finally, the pressurizer safety valves
are adequately sized to prevent system overpressure.

2. Pressure control: Spray, power-operated relief valves, and heaters are controlled
by isolated output signals from the pressure protection channels.
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Low Pressure

A spurious high-pressure signal from one channel can cause low pressure by
spurious actuation of a pressurizer spray valve. Additional redundancy is
provided in the protection system to ensure underpressure protection, i.e.,
two-out-of-four low pressure reactor trip logic and two-out-of-three logic for
safety injection.

In addition, interlocks are provided in the pressure control system such that a
relief valve will close if either of two independent pressure channels indicates
low pressure. Spray reduces pressure at a lower rate, and some time is
available for operator action (about 3 min. at maximum spray rate) before a
low pressure trip is reached.

High Pressure

The pressurizer heaters are incapable of overpressurizing the reactor coolant
system. Maximum steam generation rate with heaters is about 15,000 Ib/hr,
compared with a total capacity of 1,224,000 Ib/hr for the three safety valves
and a total capacity of 358,000 Ib/hr for the two power-operated relief valves.
Therefore, overpressure protection is not required for a pressure control
failure. Two-out-of-three high-pressure trip logic is therefore used.

In addition, either of the two relief valves can easily maintain pressure below
the high-pressure trip point. The two relief valves are controlled by
independent pressure channels, one of which is independent of the pressure
channel used for heater control. Finally, the rate of pressure rise achievable
with heaters is slow, and ample time and pressure alarms are available for
operator action.

Pressurizer Level

Three pressurizer level channels are used for high-level reactor trip (2/3). Isolated output signals
from these channels are used for volume control, increasing or decreasing water level. A level
control failure could fill or empty the pressurizer at a slow rate (on the order of half an hour or

more).

High Level

A reactor trip on pressurizer high level is provided to prevent rapid thermal

expansions of reactor coolant fluid from filling the pressurizer: the rapid change
from high rates of steam relief to water relief can be damaging to the safety valves
and the relief piping and pressure relief tank. However, a level control failure
cannot actuate the safety valves because the high-pressure reactor trip is set
below the safety valve set pressures. Therefore, a control failure does not require
protection system action. In addition, ample time and alarms are available for
operator action.
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2. Low Level

For control failures that tend to empty the pressurizer, a signal of low level from
either of two independent level control channels will isolate letdown, thus
preventing the loss of coolant. Also, ample time and alarms exist for operator
action.

7.2.6.2.1.5 Steam-Generator Water Level/Feedwater Flow

Before describing control and protection interaction for these channels, it is beneficial to review
the protection system basis for this instrumentation.

The basic function of the reactor protection circuits associated with low steam generator water
level and low feedwater flow is to preserve the steam generator heat sink for removal of long-
term residual heat. Should a complete loss of feedwater occur with no protective action, the
steam generators would boil dry and cause an overtemperature-overpressure excursion in the
reactor coolant. Reactor trips on temperature, pressure, and pressurizer water level will trip the
plant before there is any damage to the core or reactor coolant system. However, residual heat
after trip would cause thermal expansion and discharge of the reactor coolant to containment
through the pressurizer relief valves. Redundant auxiliary feedwater pumps are provided to
prevent this. Reactor trips act before the steam generators are dry to reduce the required
capacity and starting time requirements of these pumps and to minimize the thermal transient on
the reactor coolant system and steam generators. Independent trip circuits are provided for
each steam generator for the following reasons:

1. Should severe mechanical damage occur to the feedwater line to one steam
generator, it is difficult to ensure the functional integrity of level and flow
instrumentation for that unit. For instance, a major pipe break between the
feedwater flow element and the steam generator would cause high flow through
the flow element. The rapid depressurization of the steam generator would
drastically affect the relation between downcomer water level and steam-
generator water inventory.

2. It is desirable to minimize thermal transient on a steam generator for credible loss
of feedwater accidents.

It should be noted that controller malfunctions caused by a protection system
failure affect only one steam generator. Also, they do not impair the capability of
the main feedwater system under either manual control or automatic T,y control.
Hence, these failures are far from being the worst case with respect to decay heat
removal with the steam generators.

a. Feedwater Flow

A spurious high signal from the feedwater flow channel being used for control
would cause a reduction in feedwater flow and prevent that channel from
tripping. A reactor trip on low-low water level, independent of indicated
feedwater flow, will ensure a reactor trip if needed.
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In addition, the three-element feedwater controller incorporates reset on level,
such that with expected gains, a rapid increase in the flow signal would cause
only a 12-in. decrease in level before the controller reopens the feedwater
valve. A slow increase in the feedwater signal would have no effect at all.

b. Steam Flow

A spurious low steam flow signal would have the same effect as a high
feedwater signal, discussed above.

(of Level

A spurious high water level signal from the protection channel used for control
will tend to close the feedwater valve. This level channel is independent of
the level and flow channels used for reactor trip on low flow coincident with
low level.

(1) A rapid increase in the level signal will completely stop feedwater flow
and actuate a reactor trip on low feed-water flow coincident with low
level.

(2) A slow drift in the level signal may not actuate a low feedwater signal.
Since the level decrease is slow, the operator has time to respond to
low-level alarms. Since only one steam generator is affected,
automatic protection is not mandatory and reactor trip on two-out-of
three low-low level is acceptable.
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TABLE 7.2-2
Interlock and Permissive Circuits

Tavg deviation

Number Function Input for Blocking
1 Prevent rod withdrawal on 1/4 high nuclear flux (power range) or 1/2
overpower high nuclear flux (intermediate range) or
1/4 overtemperature AT or 1/4 overpower
AT
2 Deleted
3 Deleted
5 Steam dump interlock Rapid decrease of MWe load signal
6 Manual block of source 1/2 high intermediate range flux allows
range level trip manual block, 2/2 low intermediate range
defeats block
7 Permissive power (block 3/4 low nuclear flux signals (power range)
various trips required only at and 2/2 low turbine inlet pressure signals
power)
8 Block single primary loop 3/4 low nuclear flux (power range)
loss of flow trip
10 Manual block of low trip 2/4 high nuclear flux allows manual block,
(power range) and 3/4 low nuclear flux (power range) defeats
intermediate range trips manual block
TABLE 7.2-3
Rod Stops
Rod Stop Actuation Signal Rod Motion to be Blocked
Deleted
Nuclear 1/4 high power range nuclear flux or Manual withdrawal
overpower 1/2 high intermediate range nuclear
flux
High AT 1/4 overpower AT or Manual withdrawal
1/4 overtemperature AT
Deleted

1/4 T4 deviation from average T,y Automatic insertion
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7.2 FIGURES

Figure No. Title

Figure 7.2-1 Index And Symbols - Logic Diagram, Replaced With Plant
Drawing 225094

Figure 7.2-2 Reactor Trip Signals - Logic Diagram, Replaced With Plant
Drawing 225095

Figure 7.2-3 Turbine Trip Signals - Logic Diagram, Replaced With Plant
Drawing 225096

Figure 7.2-4 6900 Volt Bus Automatic Transfer - Logic Diagram, Replaced
With Plant Drawing 225097

Figure 7.2-5 Nuclear Instrumentation Trip Signals - Logic Diagram, Replaced
With Plant Drawing 225098

Figure 7.2-6 Nuclear Instrumentation Permissives And Blocks - Logic Diagram,
Replaced With Plant Drawing 225099

Figure 7.2-7 Emergency Generator Starting - Logic Diagram, Replaced With
Plant Drawing 225100

Figure 7.2-8 Safeguard Sequence - Logic Diagram, Replaced With Plant
Drawing 225101

Figure 7.2-9 Pressurizer Trip Signal - Logic Diagram, Replaced With Plant
Drawing 225102

Figure 7.2-10 Steam Generator Trip Signals - Logic Diagram, Replaced With
Plant Drawing 225103

Figure 7.2-11 Primary Coolant System Trip Signals And Manual Trip - Logic
Diagram, Replaced With Plant Drawing 225104

Figure 7.2-12 Safeguard Actuation Signals - Logic Diagram, Replaced With
Plant Drawing 225105

Figure 7.2-13 Feedwater Isolation - Logic Diagram, Replaced With Plant
Drawing 225106

Figure 7.2-14 Rod Stops And Turbine Loads Cutbacks - Logic Diagram,
Replaced With Plant Drawing 225107

Figure 7.2-15 Safeguards Actuation Circuitry And Hardware Channelization,
Replaced With Plant Drawing 243318

Figure 7.2-16 Simplified Diagram For Overall Logic Relay Test Scheme,
Replaced With Plant Drawing 243319

Figure 7.2-17 Analog And Logic Channel Testing, Replaced With Plant Drawing
243320

Figure 7.2-18 Reactor Protection Systems - Block Diagram, Replaced With
Plant Drawing 243321

Figure 7.2-19 Core Coolant Average Temperature Vs Core Power

Figure 7.2-20 Pressurizer Level Control And Protection System, Replaced With
Plant Drawing 243313

Figure 7.2-21 Pressurizer Pressure Control And Protection System, Replaced
With Plant Drawing 243314

Figure 7.2-22 Steam Flow AP Vs Power, Replaced With Plant Drawing 243315

Figure 7.2-23 Design Philosophy To Achieve Isolation Between Channels

Figure 7.2-24 Cable Tunnel - Typical Section, Replaced With Plant Drawing
243317

Figure 7.2-25 Typical Analog Channel Testing Arrangement, Replaced With

Plant Drawing 243322
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Figure 7.2-26 Typical Simplified Control Schematic, Replaced With Plant
Drawing 243323

Figure 7.2-27 Analog Channels, Replaced With Plant Drawing 243324

Figure 7.2-28 Analog System Symbols, Replaced With Plant Drawing 243311

Figure 7.2-29 Deleted

Figure 7.2-30 Reactor Trip Breaker Actuation Schematic

Figure 7.2-31 Deleted

Figure 7.2-32 Steam Generator Level Control And Protection System, Replaced
With Plant Drawing 243328

Figure 7.2-33 Sh. 1 lllustrations Of Overpower And Temperature AT Trips High
Temperature Operation

Figure 7.2-33 Sh. 2 lllustrations Of Overpower And Temperature AT Trips Low
Temperature Operation

Figure 7.2-34 Tae/AT Control And Protection System, Replaced With Plant
Drawing 243330

7.3 REGULATING SYSTEMS

7.3.1 Design Basis

The reactor control system is designed to limit nuclear plant transients for prescribed design load
perturbations, under automatic control, [Note - The automatic control rod withdrawal feature in
plant operation has been physically disabled, allowing only the automatic control rod insertion
mode to be in effect when rod control is automatic.] within prescribed limits to preclude the
possibility of a reactor trip in the course of these transients.

Overall reactivity control is achieved by the combination of chemical shim and 53 control rod
clusters of which 29 are in control bank and 24 are in shutdown bank. Long-term regulation of
core reactivity is accomplished by adjusting the concentration of boric acid in the reactor coolant.
Short term reactivity control for power changes or reactor trip is accomplished by the movement
of control rod clusters.

The primary function of the reactor control system is to provide automatic control of the rod
clusters during power operation of the reactor. The system uses input signals including neutron
flux, coolant temperature and pressure, and plant turbine load. The chemical and volume control
system (Section 9.2) serves as a secondary reactor control system by the addition and removal
of varying amounts of boric acid solution.

There is no provision for a direct continuous visual display of primary coolant boron
concentration. When the reactor is critical, the best indication of reactivity status in the core is
the position of the control group in relation to plant power and average coolant temperature.
There is a direct, predictable, and reproducible relationship between control rod position and
power, and it is this relationship that establishes the lower insertion limit calculated by the rod
insertion limit monitor. There are two alarm setpoints to alert the operator to take corrective
action in the event a control bank approaches or reaches its lower limit.

Any unexpected change in the position of the control group when under automatic control or a
change in coolant temperature when under manual control provides a direct and immediate
indication of a change in the reactivity status of the reactor. In addition, periodic samples of
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coolant boron concentration are taken. The variation in concentration during core life provides a
further check on the reactivity status of the reactor including core depletion.

The reactor control system is designed to enable the reactor to follow load reductions
automatically when the plant output is above 15-percent of nominal power. Control rod insertion
may be performed automatically when plant output is above this value. Control rod insertion and
withdrawal may be performed manually at any time.

The system as originally designed enabled the plant to accept a generation step load increase of
10-percent and a ramp increase of 5-percent per minute within the load range of 15 to 100-
percent without reactor trip subject to possible xenon limitations. The elimination of the
automatic rod withdrawal function could require the use of manual rod control to have the reactor
respond to the turbine load change and to restore the coolant average temperature to the
programmed value during these load increase transients. Similar step and ramp load reductions
are possible within the range of 100 to 15-percent of nominal power with automatic control rod
insertion operational.

The operator is able to select any single bank of rods (shutdown or control) for manual
operation. Using a single switch, he may not select more than one bank from these two groups.
During reactor startup with the rod control bank selector switch in manual, the control banks can
be moved only in their normal sequence with some overlap as one bank reaches its full
withdrawal position and the next bank begins to withdraw. Power supplied to the rod banks is
controlled so that no more than two banks can be withdrawn simultaneously.

The control system is capable of restoring coolant average temperature to within the
programmed temperature deadband following a load reduction.

The reactor can be placed under automatic control in the power range between 15-percent of
load and full load for the following design transients:

1. 10-percent step reduction in load without turbine bypass.
2. 5-percent per minute unloading.
3. 25-t0-50-percent change in load at 200%/minute maximum turbine unloading rate

from approximately 100-percent load with steam dump (load change capability
depends on full power T,,4; see Section 7.3.3.1).

A programmed pressurizer water level as a function of load is provided in conjunction with the
programmed coolant average temperature to minimize the requirements of the chemical and
volume control system and waste disposal system resulting from coolant density changes during
loading and unloading from full power to zero power.

Following a reactor and turbine trip, sensible heat stored in the reactor coolant is removed
without the actuation of steam-generator safety valves by means of controlled steam bypass to
the condenser and by the injection of feedwater to the steam generators. Reactor coolant
system temperature is reduced to the no-load condition. This no-load coolant temperature is
maintained by steam bypass to the condensers to remove residual heat.
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The control system was originally designed to operate as a stable system over the full range of
automatic control throughout core life without requiring operator adjustment of setpoints other
than normal calibration procedures.

7.3.2 System Design

A block diagram of the reactor control system is shown in Figure 7.3-1.
7.3.2.1 Rod Control

There were originally 61 total rod cluster control assemblies of which 53 are full-length and 8
were part-length rods. The part-length rods have been since removed. The full-length rods are
divided into (1) a shutdown group comprised of two shutdown banks of eight rod clusters each
and two shutdown banks of four rod clusters each, and (2) a control group comprised of four
control banks containing eight, four, eight, and nine rod clusters.

Figure 3.2-2 shows the locations of the full-length rods in the core. The four banks of the control
group are the only rods that can be manipulated under automatic control. The banks are divided
into subgroups to obtain smaller incremental reactivity changes. All rod cluster control
assemblies in a subgroup are electrically paralleled to step simultaneously. Position indication
for each rod cluster control assembly type is the same. There are two types of drive mechanism
for the rod cluster control assemblies, those for the control and shutdown groups and those for
the part-length rod group since removed.

7.3.2.1.1 Control Group Rod Control

The automatic rod control system maintains a group programmed reactor coolant average
temperature with adjustments inward of control group rod position for equilibrium plant
conditions. The system is capable of restoring programmed average temperature following a
scheduled or transient reduction in load. The coolant average temperature increases linearly
from zero power to the full-power conditions. Wherein, the plant is being operated on a Tay
program of 547°F to 562°F.

Compensation for fuel depletion and/or xenon transients is periodically made with adjustments of
boron concentration. The control system has the ability to readjust the control group rod in the
inward direction in response to changes in coolant average temperature resulting from changes
in boron concentration.

The average coolant temperature is determined by using the hot-leg and the cold-leg
temperature measurements in each reactor coolant loop. The average of the four loop average
temperatures is the main control signal. This signal is sent to the control group rod programmer
through a proportional plus rate compensation unit. The control group rod programmer
commands the direction and speed of control group rod motion. A compensated pressurizer
pressure signal and a power-load mismatch signal are also employed as control signals to
improve the plant performance. The power-load mismatch channel takes the difference between
nuclear power (average of all four power range channels) and a signal of turbine load (turbine
inlet pressure), and passes it through a high-pass filter so that only a rapid change in flux or
power causes rod motion. The power-load mismatch compensation serves to speed up system
response and to reduce transient peaks.
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The rod control group is divided into four banks comprised of eight, four, eight, and nine rod
cluster controls, respectively, to follow load changes over the full range of power operation.
Each rod control bank is driven by a sequencing, variable speed rod drive control unit. The rods
in each control bank are divided into two subgroups, and the subgroups are moved sequentially
one step at a time. The sequence of motion is reversible; that is, a withdrawal sequence is the
reverse of the insertion sequence. Any reactor trip signal causes the rods to insert by gravity
into the core.

Manual control is provided to move a control bank in or out at a preselected fixed speed.

Proper sequencing of the rod cluster control assembly is ensured first, by fixed programming
equipment in the rod control system, and second, through administrative control of the reactor
plant operator. Startup of the plant is accomplished by first manually withdrawing the shutdown
rods to the full-out position. This action requires that the operator select the SHUTDOWN BANK
position on a control board mounted selector switch and then position the IN-HOLD-OUT level
(which is spring return to the HOLD position) to the OUT position.

Rod cluster control assemblies are then withdrawn under manual control of the operator by first
selecting the MANUAL position on the control board mounted selector switch and then
positioning the IN-HOLD-OUT lever to the OUT position. A hinged mechanical interlock is also
installed on top of the In-Out-Hold rod control lever that requires operator action to lift the
interlock away from the rod control lever prior to rod withdrawal. The hinged mechanical
interlock does not inhibit rod insertion. In the MANUAL selector switch position, the rods are
withdrawn (or inserted) in a predetermined programmed sequence by the automatic
programming equipment.

The predetermined programmed sequence is set so that as the first bank out (control bank C-2)
reaches a preset position near the top of the core, the second bank out (control bank C-3)
begins to move out simultaneously with the first bank. When control bank C-2 reaches the top of
the core, it stops, and control bank C-3 continues until it reaches a preset position near the top of
the core where control bank C-4 motion begins. This withdrawal sequence continues until the
plant reaches the desired power level. The programmed insertion sequence is the opposite of
the withdrawal sequence, i.e., the last control bank out is the first control bank in.

A permissive interlock limits automatic control to reactor power levels above 15-percent. In the
AUTOMATIC position, the rods can only be inserted in a predetermined programmed sequence
by the automatic programming equipment.

With the simplicity of the rod sequence program, the minimal amount of operator selection, and
two separate position indications available to the operator, there is very little possibility that
rearrangement of the control rod sequencing could be made.

7.3.2.1.2 Shutdown Rod Group Control

The shutdown group of control rods together with the control group are capable of shutting the
reactor down. They are used in conjunction with the adjustment of chemical shim and the
control group to provide shutdown margin of at least 1-percent following reactor trip with the
most reactive control rod in the fully withdrawn position for all normal operating conditions.

The shutdown banks are manually controlled during normal operation and are moved at a

constant speed with staggered stepping of the subgroups within the banks. Any reactor trip
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signal causes them to insert by gravity into the core. They are fully withdrawn during power
operation and are withdrawn first during startup. Criticality is always approached with the control
group after withdrawal of the shutdown banks. Four shutdown banks with a total of 24 clusters
are provided.

7.3.2.1.3 Part-Length Rod Control

Eight part-length rods were provided in the reactor in the original operating configuration in
addition to the normal control rods. The function of these rods, which had neutron absorber
material in only the bottom one quarter of the length (3-ft), was intended to shape the axial power
distribution and thus stabilize axial xenon oscillations. In addition, they would flatten the axial
power distribution and thus reduce hot-channel factors. The part-length rods were intended for
operation only by manual control by the operator from the control console. They were moved
together as a bank to make the upper and lower ion chamber readings approach a prescribed
relationship within a prescribed allowable region of travel. However, subsequent to the initial
plant operation, the part-length control rods were physically removed from the reactor. Their
associated rod position indication system has been removed from the central control room.

7.3.2.1.4 Interlocks

The rod control group is interlocked with measurements of turbine-generator load and reactor
power to prevent automatic control below 15-percent of nominal power. The manual controls are
further interlocked with measurements of nuclear flux, AT, and rod drop indication to prevent
approach to an overpower condition.

7.3.2.1.5 Rod Drive Performance

The control banks are driven by a sequencing, variable speed rod drive programmer. In the
control bank of rod cluster control assemblies, control subgroups (each containing a small
number of rod cluster control assemblies) are moved sequentially in a cycle such that all
subgroups are maintained within one step of each other. The sequence of motion is reversible,
that is, withdrawal sequence is the reverse of the insertion sequence. The sequencing speed is
proportional to the control signal from the reactor coolant system. This provides control group
speed control proportional to the demand signal from the control system.

A solid-state control system provides power to the rod drive mechanism coils from the output of
two paralleled motor-generator sets. Two reactor trip breakers are placed in series with the
output of the motor-generator sets. To permit online testing, a bypass breaker is provided
across each of the two breakers.

7.3.2.1.6 Rod Cluster Control Assembly Position Indication

Two separate systems are provided to sense and display control rod position as described
below:

1. Analog System - An analog signal is produced for each individual rod by a linear
position transmitter.

An electrical coil stack is located above the stepping mechanisms of the control
rod magnetic jacks, external to the pressure housing, but concentric with the rod

Chapter 7, Page 70 of 108
Revision 22, 2010



P2
FSAR UPDATE

travel. When the associated control rod is at the bottom of the core, the magnetic
coupling between the primary and secondary coil winding of the detector is small
and there is a small voltage induced in the secondary. As the control rod is raised
by the magnetic jacks, the relatively high permeability of the lift rod causes an
increase in magnetic coupling. Thus, an analog signal proportional to rod position
is obtained.

Direct, continuous readout of every control rod is presented to the operator on
individual indicators.

A deviation monitor alarm is actuated if an individual rod position deviates from its
group position by a preselected distance.

Lights are provided for rod bottom positions for each rod. The lights are operated
by bistable devices in the analog system.

2. Digital System - The digital system counts pulses generated in the rod drive
control system. One counter is associated with each subgroup of control and
shutdown rods. Readout of the digital system is in the form of electromechanical
add-subtract counters reading the number of steps or rod withdrawal with one
display for each subgroup. These readouts are mounted on the control panel.

The digital and analog systems are separate systems; each serves as backup for the other.
Operating procedures require the reactor operator to compare the digital and analog readings
upon recognition of any apparent malfunction. Therefore, a single failure in rod position
indication does not in itself lead the operator to take erroneous action in the operation of the
reactor.

7.3.2.1.7 Part-Length Rod Position Indication
Deleted

7.3.2.2 Full-Length Rod Drive Power Supply

The full-length control rod drive power supply concept using a single scram bus system has been
successfully employed on all Westinghouse PWR plants. Potential fault conditions with a single
scram bus system are discussed in this section. The unique characteristics of the latch-type
mechanism with its relatively large power requirements make this system with the redundant
series trip breakers particularly desirable.

The solid-state rod control system is operated from two parallel connected 438-kVA generators
that provide 260-V line-to-line, three-phase, four-wire power to the rod control circuits through
two series connected reactor trip breakers. This AC power is distributed from the trip breakers to
a line-up of identical solid-state power cabinets using a single overhead run of enclosed bus duct
that is bolted to and therefore composes part of the power cabinet arrangement. Alternating
current from the motor-generator sets is converted to a profiled direct current by the power
cabinet and is then distributed to the mechanism coils. Each complete rod control system
includes a single 70-V DC power supply that is used for holding the mechanisms in position
during maintenance of normal power supply.
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This 70-V supply, which receives its input from the AC power source down-stream of the reactor
trip breakers, is distributed to each power cabinet and permits holding mechanisms in groups of
four by manually positioning switches located in the power cabinets. The 50-A output capacity
limits the holding capability to six rods cold or eleven rods hot.

7.3.2.2.1 Reactor Trip

Current to the mechanisms is interrupted by opening either of the reactor trip breakers. The 70-
V DC maintenance supply will also be interrupted as this supply receives its input power through
the reactor trip breakers.

7.3.2.2.2 Trip Breaker Arrangement

The trip breakers are arranged in the reactor trip switchgear in individual metal-enclosed
compartments. The 1000-A bus work, making up the connections between scram breakers, is
separated by metal barriers to prevent the possibility that any conducting object could short
circuit, or bypass, scram breaker contacts.

7.3.2.2.3 Maintenance Holding Supply

The 70-V DC holding supply and associated switches have been provided to avoid the need for
bringing a separate DC power source to the rod control system during maintenance on the
power cabinet circuits. This source is adequate for holding a maximum of six mechanisms cold
or eleven mechanisms hot and will satisfy all maintenance holding requirements.

7.3.2.2.4 Control System Construction

The rod control system is assembled in enclosed steel cabinets. Three-phase power is
distributed to the equipment through a steel-enclosed bus duct bolted to the cabinets. Direct
current power connections to the individual mechanisms are routed to the reactor head area
from the solid-state cabinets through insulated cables, enclosed junction boxes, enclosed reactor
containment penetrations, and sealed connectors. In view of this type of construction, any
accidental connection of either an AC or DC power source, either internal or external to the
cabinets, is not considered credible.

7.3.2.25 Alternating Current Power Connections

The three-phase four-wire supply voltage required to energize the equipment is 260-V line-to-
line, 58.3-Hz, 438-kVA capacity, zig-zag connected. It is unlikely that any power supply, and in
particular one as unusual as this four-wire power source, could be accidentally connected, in
phase, in the required configuration. Also, it should be noted that this requires multiple
connections, not single connections. The closest outside sources available in the plant are 480-
V auxiliary power sources and 208-V lighting sources.

Connection of either a 480 or 208 volt, 60-Hz source to the single AC bus supplying the Rod
Control System will cause currents to flow between the sources due to an out-of-phase
condition. These currents will flow until the generator accelerates to a speed synchronous with
the 60-Hz out-of-phase source, a time sufficient to trip the generator breakers. The out-of-phase
currents for an unlimited capacity outside source, an outside source with a capacity equivalent to
the normal generator kVA, and for either one or two M-G Sets in service, are tabulated below:
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Qut-of-Phase Currents (Amperes)

One M-G Set Two M-G Sets
In Service In Service

Unlimited Capacity 25,000 50,000
480-V

400-kVA Capacity 12,500 25,000
Unlimited Capacity 16,000 32,000
208-V

400-kVA Capacity 8,000 16,000

All of the foregoing currents are sufficiently high to trip out the generator breakers on either
overcurrent or reverse current. This trip-out is detectable by annunciation in the control room. If
the outside power source trips, the connection is of no concern.

Each solid-state power cabinet is tied to the main AC bus through three fused disconnect
switches: one for the stationary gripper coil circuits, one for the movable gripper coil circuits, and
one for the lift coil circuits. Reference voltages to operate the control circuits for all three coil
circuits must be in phase with the supply to all coil circuits for proper operation of the system. If
the outside power source were brought in to an individual cabinet, nine normal source
connections would have to be disconnected and the outside source would have to be tied in
phase to the proper nine points plus one neutral point to allow the movement of the rods. This is
not considered credible.

The connection of a single-phase AC source (i.e., one line to neutral) is also considered
improbable. This would again require a high-capacity source that would have to be connected in
phase with the nonsynchronous motor-generator set supply. Again, more than one connection is
needed to achieve this condition. Each power cabinet contains three alarm circuits (stationary,
movable, and lift) that would annunciate the condition to the operator. In addition, calculations
show that a single phase source of 208-V, 260-V, or 480-V will not supply enough current to hold
the rods. Therefore, a jumper across two trip circuit breaker contacts in series, which results in a
single phase remaining closed would not provide sufficient current to hold up the rods.

The normal source generators are connected in a zig-zag winding configuration to eliminate the
effects of direct current saturation of the machines resulting from the direct currents that flow in
the half-wave bridge rectifier circuits. If this connection were not used, the generator core would
saturate and loss of generating action would occur. This condition would also occur in a
transformer. An outside source not having the zig-zag configuration would have to have a large
capacity (>400 kVA) to avoid the loss of transformer action from saturation.

Most of the components in the equipment are applied with a 100-percent safety factor.
Therefore, the possibility exists that the system will operate at 480-V with a source of sufficient
capacity. The system will definitely operate at 208-V with a source of sufficient capacity.

The connection of an outside source of AC power to one rod control system would first require a

need for this source. No such need exists since two power sources (motor-generator sets) are
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already provided to supply the system. If the source were connected in spite of the need,
extreme measures would have to be taken by the intruder to complete the connection. The
outside source would have to be a large capacity (400 kVA). The currents that flow would
require the routing of large conductors or bus bars, not the usual clip leads. Then, the
disassembly of switchgear or the enclosed bus duct would be required to expose the single
alternating current bus. Large bolted cable or bus bar terminations would have to be completed.
A total of four conductors would have to be connected in phase with a non-synchronous source.
To expect that a connection could be completed with the equipment either energized or
deenergized in view of the obstacles that would prevent such a connection is incredible.
However, even if the connection were completed, the outside source connection would be
detectable by the operator through the tripping of the generator breakers.

7.3.2.2.6 Direct Current Power Connections

An external DC source could, if connected inside the Power Cabinet, hold the rods in position.
This would require a minimum supply voltage of 50-V. Since the holding current for each
mechanism coil is 4 amperes, the DC capacity would have to be approximately 180 amperes to
hold all rods. Achieving this situation would require several acts bringing in a power source
which is not required for any type of operation in the Rod Control System, preferentially
connecting it into the system at the correct points, and actuating specific holding switches so as
to interconnect all rods. Closure of twelve switches, in four separate cabinets would be required
to hold all rods. One switch could hold as many as four rods.

The application of a DC voltage to an individual rod external to the Power Cabinet would affect
only a single rod; connection with other rods in the group would be prevented by the blocking
diodes in the power circuits.

Should an external DC source be connected to the system, the system is provided with features
to permit its detection.

Each Power Cabinet contains circuitry, which compares the actual currents in the stationary and
movable gripper coils with the reference signals from the step sequencing unit (Slave Cycler). In
taking a single step, the current to the stationary gripper coil will be profiled from the holding
value to the maximum, to zero, and return to the holding level after the completion of the step.
Correspondingly, the movable gripper coil must change from zero to maximum and return to
zero. The presence of an external DC source on either the stationary or movable coils would
prevent the related currents from returning to zero.

This situation would be instantaneously annunciated by way of the comparison circuit.
Therefore, any rod motion would actuate an alarm indicating the presence of an external DC
source. In addition, an external DC source would prevent rods from stepping. Thus, an external
source could be detected by the rod position indication system indicating failure of the rod(s) to
move. Connection of an external DC power source to the output lines of the 70-V DC power
supply can be detected by opening the three-phase primary input of the supply and checking the
output with a built-in indicating lamp.

7.3.3 Evaluation Summary

In view of the preceding discussion, the postulated connection of an external power source
(either AC or dc) or the occurrence of short circuits that could prevent dropping of the rods is not
considered credible. Specifically:
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1. The need for an outside power source has been eliminated by incorporating built-
in holding sources as part of the rod control system and by providing two motor-
generator sets.

2. The equipment is contained within enclosed steel cabinets precluding the
possibility of an accidental connection of either AC or DC power in the cabinets.

3. Alternating current power distribution is accomplished using a steel-enclosed bus
duct. The high-capacity (400-kVA) AC power source is unique and not readily
available. Multiple connections are required.

4. Direct current power is distributed to the individual mechanisms through insulated
cables and enclosed electrical connections precluding the accidental connection
of an outside DC source external to the cabinets. The high-capacity DC source
required to hold rods is not readily available in the rod control system, would
require multiple connections, and would require deliberate positioning of switches
within the enclosed cabinets.

5. Provisions are made in the system to permit the detection of an external DC
source that could preclude a rod release.

The total capacity of the system including the overload capability of each motor-generator set is
such that a single set out of service does not cause limitations in rod motion during normal plant
operation. In order to minimize reactor trip as a result of a unit malfunction, the power system is
normally operated with both units in service.

7.3.3.1 Turbine Bypass

A turbine bypass system is provided to accommodate a reactor trip with turbine trip and in
conjunction with automatic reactor control can accommodate a load rejection without reactor and
turbine trip. The maximum load rejection that can be accommodated without reactor and turbine
trip depends on the full load T4 A maximum of 25% load rejection can be accommodated for
the minimum acceptable full load T,y Of 550.5°F. As the full load Tavy IS increased, larger load
rejections can be accommodated until for full load Ta.4 values of 5580F or higher a maximum
load rejection of 50% can be accommodated. The turbine bypass system removes steam to
reduce the transient imposed upon the reactor coolant system so that the control rods can be
positioned to reduce the reactor power to a new equilibrium value without allowing
overtemperature and overpressure conditions in the reactor coolant system.

A turbine bypass is actuated by the coincidence of compensated coolant average temperature
higher than the programmed value by a preset value and turbine load decrease greater than a
preset value. All the turbine bypass valves open immediately upon receiving the bypass signal.
The bypass valves are modulated by the compensated coolant average temperature signal after
they are open. The turbine bypass reduces proportionally as the control rods act to reduce the
coolant average temperature. The atrtificial load is therefore removed as the coolant average
temperature is restored to its programmed equilibrium value.

The turbine bypass steam capacity is 40-percent of full-load steam flow at full-load steam
pressure. The bypass flows to the main condenser.
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7.3.3.2 Part-Length Power Supply

Deleted

7.3.3.3 Feedwater Control

Each steam generator is equipped with a three-element feedwater controller that maintains a
programmed water level as a function of load on the secondary side of the steam generator.
The three-element feedwater controller continuously compares actual feedwater flow with steam
flow compensated by steam pressure with a water level setpoint to regulate the feedwater valve
opening. The individual steam generators are operated in parallel, both on the feedwater and on
the steam side.

Continued delivery of feedwater to the steam generators is required as a sink for the heat stored
and generated in the primary coolant following a reactor trip and turbine trip. A low-low steam
generator water level initiates a reactor trip and also generates an increased level demand signal
for the feedwater control system. The main feedwater valves move to the fully open position in
response to this level demand. This provides an additional heat sink for the reduction of reactor
coolant temperature to the no-load average temperature value. The feedwater regulating valves
close on high steam-generator water level, safety injection, or a reactor trip coincident with low
Tag. In the latter case, the low flow feedwater bypass valve closure may be delayed by means
of an installed timer to allow main feedwater to moderate the cooler auxiliary feedwater before it
enters steam generators. Manual override of the feedwater control systems is also provided.

7.3.3.4 Pressure Control

The reactor coolant system pressure is controlled by electrical immersion heaters located near
the bottom of the pressurizer, and spray in the steam region. A portion of the heater groups are
proportional heaters and are used for pressure variation control and to compensate for ambient
heat losses. The remaining (backup) heaters are turned on either when the pressurizer pressure
is below a preset value or when the pressurizer level exceeds the programmed level setpoint by
a preset amount. A small continuous spray flow is maintained when required to reduce boron
stratification in the pressurizer and/or control the thermal gradient in the surge line. Heaters are
operated as required to compensate for the spray and control pressure.

A spray nozzle is located at the top of the pressurizer. Spray is initiated when the pressure
controller signal is above a preset setpoint. Spray rate increases proportionally with increasing
pressure until it reaches the maximum spray capacity. Steam condensed by spray reduces the
pressurizer pressure. A small continuous spray is normally maintained to reduce thermal
stresses and thermal shock when the spray valves open and to help maintain uniform water
chemistry and temperature in the pressurizer.

Two power relief valves are designed to limit system pressure to 2335 psig for large load
reduction transients. The relief valves are operated on the actual pressure signal. A separate
interlock (set at approximately 2300 psig) is provided for each so that if a pressure channel
indicates abnormally low, the valve activation is blocked. The logic for each is thus basically two
out of two.
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7.3.3.5 Overpressurization Protection System

This system uses a two-out-of-three actuation logic on high reactor coolant pressure, when
reactor coolant temperature is less than a predetermined arming temperature, to open the
power-operated relief valves automatically. This relief prevents the reactor coolant system from
exceeding pressure limits given in 10 CFR 50, Appendix G.

Three spring-loaded safety valves are sized to limit system pressure to 2750 psia following a
complete loss of load without direct reactor trip or turbine bypass. (See Section 4.3.4.)

7.3.4 System Design Evaluation

7.3.4.1 Plant Stability

Automatic Rod Control is only used once the plant has reached stable conditions. This allows for
inward rod motion during the early stages of a plant transient without the need for operator action
to limit Reactor Coolant System temperature increase. Operator action is required following the
transient to restore reactor coolant average temperature to the programmed setpoint.

7.3.4.2 Step-Load Changes Without Turbine Bypass

A typical reactor power control requirement is to accept a 10-percent step-load decrease, without
a plant trip, over the 15 to 100-percent power range for automatic control. The design must
necessarily be based on conservative conditions, and a greater transient capability is expected
for actual operating conditions.

The function of the control system is to minimize the reactor coolant average temperature
increase during the transient within an acceptable value. Excessive pressurizer pressure
variations are prevented by using spray and heaters in the pressurizer. Operator action is
required following the transient to restore reactor coolant average temperature to the
programmed setpoint.

7.3.4.3 Loading and Unloading

Ramp unloading is provided over the 15 to 100-percent power range under automatic control.
Loading is performed under manual operator control only.

The coolant average temperature is increasing during loading, and there is a continuous insurge
to the pressurizer resulting from coolant expansion. The sprays limit the resulting pressure
increase. Conversely, as the coolant average temperature is decreasing during unloading, there
is a continuous outsurge from the pressurizer resulting from coolant contraction. The heaters
limit the resulting system pressure decrease. The pressurizer level is programmed such that the
water level has an acceptable margin above the low-level heater cutout setpoint during the
loading and unloading transients. Operator action is required to restore reactor coolant average
temperature to the programmed setpoint.

7.3.4.4 Loss of Load With Turbine Bypass

The reactor coolant system is designed to accept -25 to 50-percent (depending on full power
Tag See Section 7.3.1 and 7.3.3.1) loss of load accomplished as a turbine runback at a
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maximum rate of 200%/minute. No reactor trip or turbine trip will be actuated. The automatic
turbine bypass system is able to accommodate this abnormal load rejection and to reduce the
transient imposed upon the reactor coolant system. The reactor power is reduced at a rate
consistent with the capability of the rod control system. The reducing of the reactor power is
automatic down to 15-percent of full power. Manual control is used when the power is below this
value. The bypass is removed as fast as the control rods are capable of inserting negative
reactivity.

The pressurizer relief valves might be actuated for the most adverse conditions, for example, the
most negative Doppler coefficient, and the minimum incremental rod worth. The relief capacity
of the power-operated relief valves is sized large enough to limit the system pressure to prevent
the actuation of high-pressure reactor trip for the most adverse conditions.

7.3.4.5 Turbine-Generator Trip With Reactor Trip

Turbine-generator unit trip is accomplished by reactor trip. With a secondary-system design
pressure of 1100 psia, the plant is operated with a programmed average temperature as a
function of load, with the full-load average temperature higher than the saturation temperature
corresponding to the steam-generator safety valve setpoint. This, together with the fact that the
thermal capacity in the reactor coolant system is greater than that of the secondary system,
requires a heat sink to remove heat stored in the reactor coolant to prevent the actuation of
steam-generator safety valves for turbine and reactor trip from full power.

This heat sink is provided by the combination of controlled release of steam to the condenser
and by makeup of auxiliary feedwater to the steam generators. The turbine bypass system is
controlled from the reactor coolant average temperature signal whose reference setpoint is reset
upon trip to the no-load value. Turbine bypass actuation must be rapid to prevent steam-
generator safety valve actuation. With the bypass valves open, the coolant average temperature
starts to reduce quickly to the no-load setpoint. A direct feedback of reactor coolant average
temperature acts proportionally to close the valves to minimize the total amount of steam
bypassed.

Following turbine trip, the steam voids in the steam generators will collapse, and the opened
feedwater valves will provide sufficient feedwater flow to restore water level in the downcomer.
The feedwater flow is cut off when the reactor coolant average temperature decreases below a
preset temperature value or when the steam-generator water level reaches a preset high
setpoint.

Additional auxiliary feedwater makeup is then controlled manually to restore and maintain the
steam-generator level while maintaining the reactor coolant at the no-load temperature.
Residual heat removal (manually selected) is maintained by the steam-generator pressure
controller, which controls the amount of turbine bypass to the condensers. This controller
operates the same bypass valves to the condensers that are controlled by coolant average
temperature during the initial transient following turbine and reactor trip.

The pressurizer pressure and level fall during the transient resulting from the coolant contraction.
If heaters become uncovered following the trip, the chemical and volume control system will
provide full charging flow to restore water level in the pressurizer. Heaters are then turned on to
heat pressurizer water and restore pressurizer pressure to normal.
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The turbine bypass and feedwater control systems are designed to prevent the coolant average
temperature from falling below the programmed no-load temperature following the trip to ensure
adequate reactivity shutdown margin.

7.3 FIGURES
Figure No. Title
Figure 7.3-1 Simplified Block Diagram Of Reactor Control Systems
Figure 7.3-2 Deleted

7.4 NUCLEAR INSTRUMENTATION

7.4.1 Design Bases

7.4.1.1 Fission Process Monitors and Controls

Criterion: Means shall be provided for monitoring or otherwise measuring and maintaining
control over the fission process throughout core life under all conditions that can
reasonably be anticipated to cause variations in reactivity of the core. (GDC 13)

The nuclear instrumentation system is provided to monitor the reactor power from source range
through the intermediate range and power range up to 120-percent full power. The system
provides indication, control, and alarm signals for reactor operation and protection.

The operational status of the reactor is monitored from the central control room. When the
reactor is subcritical (i.e., during cold or hot shutdown, refueling, and approach to criticality), the
relative status (neutron source multiplication) is continuously monitored and indicated by
proportional counters located in instrument wells in the primary shield adjacent to the reactor
vessel. Two source-detector channels are provided for supplying information on multiplication
while the reactor is subcritical. A reactor trip is actuated from either channel if the neutron flux
level becomes excessive. This system is checked prior to operations in which criticality may be
approached. This is accomplished by the use of an incore source to provide a meaningful count
rate even at the refueling shutdown condition. Any appreciable increase in the neutron source
multiplication, including that caused by the maximum physical boron dilution rate, is slow enough
to give ample time to start corrective action (boron dilution stop and/or emergency boron
injection) to prevent the core from becoming critical (as discussed in Sections 14.1.5.2.3 and
14.1.5.3). A third channel is provided for use under conditions requiring alternate safe-shutdown
system operation. The third channel may be used for core monitoring in MODE 6 with a safety
related power supply and a read out in the Control Room.

Means for showing the relative reactivity status of the reactor are as follows:

1. Rod position.

2. Source, intermediate, and power range detector signals.
3. Boron concentration.

4. RCS average temperature.

The position of the control banks is directly related to the reactivity status of the reactor when at
power, and any unexpected change in the position of the control banks under automatic control
or change in the RCS average temperature (Calculated from hot-leg and cold-leg temperatures)
under manual or automatic control provides a direct and immediate indication of a change in the
reactivity status of the reactor. Periodic samples of the coolant boron concentration are taken.

Chapter 7, Page 79 of 108
Revision 22, 2010



P2
FSAR UPDATE

The variation in concentration during core life provides a further check on the reactivity status of
the reactor including core depletion.

High nuclear flux protection is provided both in the power and intermediate ranges by reactor
trips actuated from either range if the neutron flux level exceeds trip setpoints. When the reactor
is critical, the best indication of the reactivity status in the core (in relation to the power level and
average coolant temperature) is the control room display of the rod control group position.

7.4.2 System Design

The three instrumentation ranges are provided with overlap between adjacent ranges so that
continuous readings will be available during transition from one range to another as indicated in
Figure 7.4-1. The sensitivities of the neutron detectors are also shown in Figure 7.4-1. The
nuclear instrumentation system diagram is shown in Figure 7.4-2.

7.4.2.1 Detectors

The system consists of six detector assemblies located in instrument wells around the reactor as
shown in Figure 7.4-3. The six assemblies provide the following instrumentation:

1. Power Range.

This range consists of four independent long uncompensated ionization chamber
assemblies. Each assembly is made up of two sensitive lengths. One sensitive
length covers the upper half of the core, and the other length covers the lower half
of the core.

The arrangement provides in effect a total of eight separate ionization chambers
approximately one-half the core height. The eight uncompensated (guard-ring)
ionization chambers sense thermal neutrons in the range from 2.5 x 10° to 2.5 x
10" neutrons/cm?-sec.

Each has a nominal sensitivity of 1.7 x 10™*® amperes per neutron/cm?®-sec. The
four long ionization chamber assemblies are located in vertical instrument wells
adjacent to the four "corners" of the core. The assembly is manually positioned in
the assembly holders and is electrically isolated from the holder by means of
insulated standoff rings.

2. Startup Range (Intermediate and Source).

There are two separate assemblies. Each assembly covers two ranges. Each
assembly contains one compensated ionization detector (intermediate range) and
one proportional counter (source range). A third source range assembly is also
provided for use under alternate safe-shutdown conditions.

The source range neutron detectors are integral cable proportional counter
assemblies. The proportional counter is filled with Boron Trifluoride (BF3) gas
enriched to greater than 90% in the B isotope, with a thermal neutron sensitivity
of approximately 13 counts/neutron cm? at an operating voltage of 2000 volts.
The detectors sense thermal neutrons in the range from 10" to 5x 10*

Chapter 7, Page 80 of 108
Revision 22, 2010



P2
FSAR UPDATE

neutrons/cm?-sec, to produce a pulse rate between 10° and 5 x 10° counts/sec.
The range of the source range channel is 10° to 10° counts/sec.

The neutron detectors are positioned in detector assembly containers by means
of a linear, high-density moderator insulator. The detector and insulator units are
packaged in a housing that is inserted into the guide thimbles.

The detector assembly is electrically isolated from the guide thimble by means of
insulated standoff rings.

The intermediate-range neutron detectors are compensated ionization chambers
that sense thermal neutrons in the range from 2.5 x 10% to 2.5 x 10%
neutrons/cm®sec and have a nominal sensitivity of 4 x 10* amperes per
neutron/cm?-sec. They produce a corresponding direct current of 10 to 10° A,
These detectors are located in the same detector assemblies as the proportional
counters for the source range channels.

The electronic equipment for each of the source, intermediate, and power range
channels is contained in a draw-out panel mounted adjacent to the main control
board.

7.4.2.1.1 Power Range Channels

There are three sets of power range measurements. Each set uses four individual currents as
follows:

1. Four currents directly from the lower sections of the long ionization chambers.
2. Four currents directly from the upper sections.
3. Four total currents of items 1 and 2, equivalent to the average of each section.

For each of the four currents in items 1 and 2, the current measurement is indicated directly by a
microammeter, and isolated signals are available for control console indication and recording.
Analog signals proportional to individual currents are transmitted through buffer amplifiers to the
over-temperature and overpower AT channels and provide automatic reset of the trip point for
these protection functions. The total current, equivalent to the average, is then applied through a
linear amplifier to the bistable trip circuits. The amplifiers are equipped with gain and bias
controls for adjustment to the actual output corresponding to 100-percent rated reactor power.

Each of the four amplifiers also provides amplified isolated signals to the main control board for
indication and for use in the reactor control system. Each set of bistable trip outputs is operated
as a two-out-of-four coincidence to initiate a reactor trip. Bistable trip outputs are provided at
low- and high-power setpoints depending on the operating power. To provide more protection
during startup operation, the low-range power bistable is used. This trip is manually blocked
after a permissive condition is obtained by two-out-of-four power range channels. The high-
power trip bistable is always active.

The four amplifier signals corresponding to item 3 above are supplied to circuits that compare a
referenced channel output with the corresponding signal from the other channels. Alarms are
provided to present deviations that might be indicative of quadrant flux asymmetries.
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Signals derived from the power range instruments are also supplied to the plant computer.
These signals are used to monitor radial and axial flux tilt in the following manner:

1. Radial flux tilt is determined by comparing the signals obtained from the upper
sections of the ionization chambers. The signals obtained from the lower sections
are also compared to each other in the same manner. The value of the deviation
is supplied to the operator by means of a visual display. The existence of a radial
flux tilt can be verified by the use of incore instrumentation.

2. Axial flux tilt is determined by comparing the sum and/or average of the upper
sections of the ionization chambers to the sum and/or average of the signals from
the lower sections. The operator will be informed by a computer alarm if the
deviation exceeds a preset value of 20-percent full power. A visual display is
provided by four meters located on the flight panel, each of which indicates
individual detector axial flux tilt.

3. Delta flux is determined by comparing the difference in signals between the upper
and lower power range detectors. The program outputs two types of alarm
messages. Above a preset power level (90-percent), an alarm message is printed
out immediately upon discovering a delta flux alarm. Below this power level, an
alarm message is printed if the delta flux has exceeded its allowable limits for a
preset cumulative amount of time in the past 24 hr.

The overpower trip will be set so that, for operating limit reactor conditions concurrent with the
maximum instrumentation and bistable setpoint error, the maximum reactor overpower condition
will be limited to 118-percent, as discussed in Chapter 14. This limit is accomplished by the use
of solid-state instrumentation and long ionization chambers, which permit an integration of the
flux external to the core over the total length of the core, thereby reducing the influence of axial
flux distribution changes resulting from control rod motion.

The ion chamber current of each detector is measured by sensitive meters with an accuracy of
0.05-percent. A shunt assembly and switch in parallel with each meter allows the selection of
one of four meter ranges. The available ranges are 0 to 100, 0 to 500, 0 to 1000, and 0 to 5000
HA. The shunt assemblies are designed in such a manner that they will not disconnect the
detector current to the summing assembly upon meter failure or during switching. An isolation
amplifier provides an analog signal proportional to ion chamber current for recording, data
logging, and delta flux indication. A test calibration unit provides necessary switches and signals
for checking and calibrating the power range channels.

The linear amplifier accepts the output currents from each of the two chamber sections and
derives a nuclear power signal proportional to the summed direct currents. This unit amplifies
the currents, and converts the normal current signal to a voltage signal suitable for operation of
associated components such as bistables and isolation amplifiers.

Multiple power supplies furnish necessary positive and negative voltages for the individual
channels and detector power.

Mounted on the front panel of each power range channel drawer are the ion chamber current
meters, shunt selector switches with appropriate positions, and the nuclear power indicator (0 to
120-percent full power).
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The isolated nuclear power signals are available for recording by the nuclear instrumentation
system recorder. An isolated nuclear power signal is available for recording overpower
conditions up to 200-percent full power.

Alarm signals for dropped-rod - rod stop, overpower - rod stop, over-power reactor trip, and
channel test are annunciated on the main control board. Control signals sent to the reactor
control and protection system include dropped-rod - rod stop, overpower - rod stop, overpower -
reactor trip, and permissive circuit signals. These are described in Section 7.2.

7.4.2.1.2 Intermediate-Range Channels

There are two intermediate range channels that use two compensated ionization chambers.
Direct current from the ion chambers is transmitted through triaxial cables to transistor
logarithmic current amplifiers in the nuclear instrumentation equipment.

The logarithmic amplifier derives a signal proportional to the logarithm of the current as received
from the output of the compensated ion chamber. The output of the logarithmic amplifier
provides an input to the level bistables for reactor protection purposes and source range cutoff.
The bistable trip units are similar to those in the other ranges. The trip outputs can be manually
blocked after receiving a permissive signal from the power range channels. On decreasing
power, the intermediate-range trips for reactor protection are automatically inserted when the
power range permissive signal is not present. To prevent inadvertent and unnecessary reactor
trips during power reductions prior to shutdown, operating procedures allow these trips to be
manually bypassed until they have reset to the untripped condition and the reset has been
verified.

Low-voltage power supplies contained in each drawer furnish the necessary positive and
negative voltages for the channel electronic equipment. Two medium-voltage power supplies,
one in each channel, furnish compensating voltage to the two compensated ion chambers. The
high voltage for the compensated ion chambers is supplied by separate power supplies also
located in the intermediate-range drawers.

On the front panel of the intermediate range channel cabinet and on the control board are
mounted a neutron (log N) flux level indicator calibrated in terms of ion chamber current (10" to
102 A).

Isolated neutron flux level signals are available for recording and startup rate computation. The
startup rate for each channel is indicated at the main control board in terms of decades per
minute over the range of -0.5 to 5.0 decades/min.

Channel test, intermediate channel above source range cutoff point, intermediate range trips not
armed, block rod withdrawal, and reactor trip signals are alarmed on the main control board
annunciator. The latter signal is sent to the reactor protection system.

7.4.2.1.3 Source Range Channels

There are two source range channels using boron-10-lined proportional counters. Neutron flux,
as measured in the primary shield area, produces current pulses in the detectors. These
preamplified pulses are applied to transistor amplifiers and discriminators located in the central
control room. Triaxial cable is used for all interconnections from the detector assemblies to the

Chapter 7, Page 83 of 108
Revision 22, 2010



P2
FSAR UPDATE

instrumentation in the central control room. The preamplifiers are located outside the reactor
containment.

These channels indicate the source range neutron flux and startup rate and provide high flux
level reactor trip and alarm signals to the reactor control and protection system. The reactor trip
signal is manually blocked when a permissive signal from the intermediate range is available.
They are also used at shutdown to provide audible alarms in the reactor containment and central
control room of any inadvertent increase in reactivity. An audible count rate signal is used during
initial phases of startup and is audible in both the reactor containment and central control room.

Amplifiers are used to obtain a high-level signal prior to the elimination of noise and gamma
pulses by the discriminator. The discriminator output is shaped for use by the log integrator.

The log integrator derives an analog signal, proportional to the logarithm of the number of pulses
per unit time, as received from the output of the previous unit. This unit performs log integration
of the pulse rate to determine the count rate; a linear amplifier amplifies the log integrator output
for indication, recording, control, and rate computation through isolation amplifiers.

Each source range contains two bistable trip units. Both units trip on high flux level, but one is
used during shutdown to alarm reactivity changes and the other provides overpower protection
during shutdown and startup. The shutdown alarm unit is blocked manually prior to startup or
can serve as a startup alarm. When the input to either unit is below its setpoint, the bistable is in
its normal position and assumes a "fully-on" status. When an input from the log amplifier
reaches or exceeds the setpoint, the unit reverses its condition and goes "fully-off." The output
of the reactor trip unit controls relays in the reactor protection system.

Power supplies furnish the positive and negative voltages for the transistor circuits and alarm
lights and the adjustable high voltage for the neutron detector.

A test calibration unit can insert selected test or calibration signals into the preamplifier channel
input or the log amplifier input. A set of precalibrated level signals are provided to perform
channel tests and calibrations. An alarm is registered on the main control board annunciator
whenever a channel is being tested or calibrated. A trip bypass switch is also provided to
prevent a reactor trip during channel test under certain reactor conditions.

The neutron detector high-voltage cutoff assembly receives a trip signal when a one-of-two
matrix controlled by intermediate-range channel flux level bistables and manual block condition
are present and disconnects the voltage from the source range channel high-voltage power
supply to prevent operation of the boron-10-lined counter outside its design range. In addition, a
high-voltage manual control switch is installed to prevent inadvertent energization of the source
range high voltage while at power. The position of the switch is administratively controlled to
ensure that the source range high voltage is energized upon a reactor trip or normal shutdown
when the detector current is less than 10 amps.

Mounted on the front panel of the source range channel is a neutron flux level indicator
calibrated in terms of count rate level (1 to 10° cps). Mounted on the control board is a neutron
count rate level indicator (1 to 10° cps). Isolated neutron flux signals are available for recording
by the nuclear instrumentation system recorder and startup rate computation. The startup rate
for each channel is indicated at the main control board in terms of decades per minute over the
range of -0.5 to +5.0 decades/min. The isolation network for these signals prevents any
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electrical malfunction in the external circuitry from affecting the signal being supplied to the flux
level bistables. The signals for channel test, high neutron flux at shutdown, and source reactor
trip are alarmed on the main control board annunciator. In addition, there are annunciators for
the following source range conditions: "Source Range High Shutdown Flux Alarm Blocked", "NIS

non

Channel Test", "Source Range Loss of Detector Voltage", and "NIS Trip Bypass".

7.4.2.2 Auxiliary Equipment

7.4.2.2.1 Comparator Channel

The comparator channel compares the four nuclear power signals of the power range channels
with one another. A local alarm on the channel is actuated when any two channels deviate from
one another by a preset adjustable amount. During full-power operation, the comparator serves
to sense and annunciate channel failures and/or deviations.

7.4.2.2.2 Dropped Rod Protection

As backup to the primary protection for the dropped rod cluster control accident, the rod bottom
signal, an independent detection means is provided using the out-of-core power range nuclear
channels. The dropped-rod sensing unit contains a difference amplifier, which compares the
instantaneous nuclear power signal with an adjustable power lag signal and responds with a trip
signal to the bistable amplifier when the difference exceeds a preset adjustable amount. Above
a given power level the signal initiates protective action in the form of a turbine load cutback.
Bypass switches have been installed, which are normally in the DEFEAT position, so as to
bypass the runback of this signal.

7.4.2.2.3 Audio Count Rate Channel

The audio count channel provides audible source range information during refueling operations
in both the central control room and the reactor containment. In addition, this channel signal is
fed to a scaler-timer assembly, which produces a visual display of the count rate for an
adjustable sampling period.

74224 Recorders

One large, two-pen strip-chart recorder is mounted on the main control board for recording the
complete range of the source and intermediate channels. It is also possible to record any two
power range channels as linear signals. Variable chart speeds are provided with controls for
changing the span and zero during intermediate-range operation.

The switching of inputs to the recorders does not cause any spurious signals that would initiate
false alarms or reactor trips.

Four 2-pen recorders are provided, one for each power range, to record the flux level from each
of the eight sections comprising the four long ion chambers.

7.4.2.2.5 Power Supply

The nuclear instrumentation system is powered by four 120-V independent vital instrument AC
bus circuits (see Chapter 8).
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7.4.3 System Evaluation

7.4.3.1 Loss of Power

Loss of nuclear instrumentation power would result in the initiation of all reactor trips associated
with the channel power failure. In addition, all trips that were blocked prior to loss would be
unblocked and initiated.

7.4.3.2 Reliability and Redundancy

The requirements established for the reactor protection system apply to the nuclear
instrumentation. All channel functions are independent of every other channel.

7.4.3.3 Safety Factors

The relation of the power range channels to the reactor protection system has been described in
Section 7.2. To maintain the desired accuracy in trip action, the total error from drift in the power
range channels will be held to +1-percent at full power. Routine tests and recalibration will
ensure that this degree of deviation is not exceeded. Bistable trip setpoints of the power range
channels will also be held to an accuracy of +1-percent of full power. The accuracy and stability
of the equipment have been verified by vendor tests.

7.4.3.4 Overpower Trip Setpoint

The overpower trip setpoint for the Indian Point Unit 2 reactor is < 107.4-percent of rated thermal
power. This trip point was selected to provide adequate assurance that spurious reactor trips
will not occur in normal operation.

TABLE 7.4-1
DELETED
TABLE 7.4-2
DELETED
7.4 FIGURES
Figure No. Title
Figure 7.4-1 Neutron Detectors And Range Of Operation
Figure 7.4-2 Nuclear Instrumentation System
Figure 7.4-3 Plan View Indicating Detector Location Relative To Core

7.5 PROCESS INSTRUMENTATION

7.5.1 Design Bases

The nonnuclear process instrumentation measures temperatures, pressures, flows, and levels in
the reactor coolant system, steam system, reactor containment, and auxiliary systems. Process
variables required on a continuous basis for the startup, operation, and shutdown of the unit are
indicated and controlled from the control room. Essential parameters are also recorded. The
guantity and types of process instrumentation provided ensures safe and orderly operation of all
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operation of all systems and processes over the full operating range of the plant.

Certain controls that require a minimum of operator attention, or are only in use intermittently,
are located on local control panels near the equipment to be controlled. The monitoring of the
alarms of such control systems are provided in the control room. Table 7.5-1 includes a list of
important process instrumentation, indication, and safeguards functions.

7.5.2 System Design

Much of the process instrumentation provided in the plant has been described in the reactor
control and protection and nuclear instrumentation system. The most important instrumentation
used to monitor and control the plant has been described in the above systems descriptions.
The remaining portion of the process instrumentation is generally shown on the respective
systems process flow diagrams.

Condensate pots and wet legs are used to prevent process temperatures from actually reaching
the transmitters.

7.5.2.1 Engineered Safety Features

The following instrumentation ensures coverage of the effective operation of the engineered
safety features. Compliance with the requirements of Regulatory Guide 1.97 is referenced in
Section 7.1.5.

75.21.1 Containment Pressure

The containment pressure is transmitted to the main control board for postaccident monitoring.
Six (-5 to +75 psig) transmitters are installed outside the containment for protection against
potential missile damage. The pressure is indicated (all six channels) on the main control board.

The six channels monitoring containment pressure initiate containment spray, phase B
containment isolation, containment ventilation isolation, and steam line isolation, as well as
reflecting the effectiveness of engineered safety features.

As part of the TMI Action Plan modifications for Indian Point Unit 2, (NUREG-0737), a
continuous indication of containment pressure is provided in the central control room by two
recorder indicator units covering a range of -10 to 150 psig.

7.5.2.1.2 Containment Water Level

Redundant containment water level indicators, one in each sump (LT-939 in the recirculation
sump and LT-941 in the containment sump) are relied upon to show that water has been
delivered to the containment following a loss-of-coolant accident, and subsequently show that
sufficient water has been collected by the sump to permit recirculation to the reactor and/or to
the spray headers and to show that water is below the flood level to protect electrical equipment
from submergence. These transmitters are mounted inside the containment and have been
environmentally qualified. The level indications in the central control room are as follows:

For the containment sump: one “thermal type” detector (LT-941) provides a series of five lights

each energized from the associated instrument as a preset level is exceeded; one differential
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pressure “bubbler type” transmitter (LT-3304) provides a series of five lights each energized from
the associated instrument as a preset level is exceeded; and one differential pressure transmitter
(LT-3300) provides a calibrated sump level span that is continuously indicated. An audible alarm
is also provided for increasing sump level (see Section 6.7.1.2.13). For the recirculation sump:
two magnetic switch/float type detectors (LT-938 and LT-939) provide a series of five lights each
energized from the associated instrument as a preset level is exceeded; and one differential
pressure transmitter (LT-3301) provides a calibrated sump level span that is continuously
indicated (see Section 6.7.1.2.14). Refer to Section 6.2 for further description of the two sumps
serving the internal and external recirculation loops. In addition, a differential-pressure—level
transmitter has been installed in the reactor cavity pit (see Section 6.7.1.2.15).

7.5.2.1.3 Containment Hydrogen Concentration

As part of the TMI Action Plan modifications for Indian Point Unit 2, (NUREG-0737), a
continuous indication of hydrogen concentration in the containment atmosphere is provided in
the central control room. The containment hydrogen/oxygen monitor system is described in
Section 6.8.2.3.

75214 Refueling Water Storage Tank Level
Refueling water storage tank level measurement is provided by:
1. A local level indicator at the tank, and

2. Two separate, redundant transmitting channels, which provide level indication and
level alarms in the central control room for the initiation of the changeover to the
postaccident recirculation phase.

In the case of a large-break loss-of-coolant accident (LBLOCA) and full operation of all
safeguards and spray pumps, the RWST level alarms will annunciate after approximately
20 minutes. At this time, the operator is required to proceed with the changeover sequence.
The tank level indicator is available for confirmation. Information on the level of water in both the
recirculation and containment sumps is also available to the operator during this period via the
sump level instrumentation.

In view of the information provided to the operator, together with the procedure, which he is
required to follow, no single instrument failure would cause him to follow a course of action that
could in any way jeopardize core cooling.

The water in the storage tank is protected from freezing by a thermostat that turns the heating
medium on and off. Instrument lines are freeze protected.

75.2.1.5 Condensate Water Storage Tank Level

An additional channel has been added to the original water level indication channel. The added
level channel includes an alarm switch to actuate the low-level alarm in the central control room.
In addition, there is a low-temperature alarm to indicate heat tracing failure or a low instrument
ambient temperature. The instrument lines are freeze protected.
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7.5.2.1.6 Safety Injection Pumps Discharge Pressure

These channels show that the safety injection pumps are operating. The transmitters are
outside the containment.

75.2.1.7 Accumulator Level

Each of the safety injection system accumulator tanks contains two differential-pressure-type
liquid level transmitters providing the electrical signal for separate channel level indicators and
high- and low-level alarms in the central control room.

7.5.2.1.8 Pump Energization

All pump motor power feed breakers indicate that they have closed by energizing indicating
lights on the control board.

7.5.2.1.9 Valve Position

All engineered safety features valves have position indication on the control board to show
proper positioning of the valves. Air-operated and solenoid-operated valves are selected so as
to move in a preferred direction on the loss of air or power. Motor-operated valves remain in the
position at time of loss of power to the motor.

Acoustic sensors installed on the code safety valves discharge lines provide indication in the
central control room of the "flow" or "non-flow" condition of line safety valves. The
power-operated relief valves have a direct valve position indication in the central control room.
The acoustic monitoring system was installed to comply with the requirements of NUREG-0578.

7.5.2.1.10 Residual Heat Exchangers

Combined exit flow is indicated and combined inlet and combined exit temperatures are
recorded on the control board to monitor the operation of the residual heat exchangers. A high
pressure is annunciated on the auxiliary coolant system panel in the central control room.

75.2.1.11 Fan Coolers

The service water discharge flow is indicated in the control room. The flow transmitters are
located inside the containment. The temperature of each of the five fan coolers' service water is
indicated locally. A control room alarm is actuated if the flow is low during safety injection. In
addition, the exit flow is monitored for radiation and alarmed in the control room if high radiation
should occur. There are redundant radiation monitors, and the faulty cooler can be identified by
manually sampling the flow from each unit in turn and using these monitors.

7.5.2.1.12 Bus Undervoltage

The normal 480-V feeds to the safeguard buses are tripped upon sustained undervoltage. An
alarm and indicator light are also provided in the control room to alert the operator in advance of
attaining the actual undervoltage trip level. Each bus is monitored by two undervoltage relays
(set at approximately 88-percent). Two-out-of-two logic will activate an agastat relay (set at
approximately 150 sec), which in turn trips its respective 480-V feeder breaker. This trip has
been added to provide additional Class A/Class 1E protection of the safeguards loads against
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degraded voltage conditions. Two separate Asea Brown Boveri (ABB) type 27N high accuracy
relays are used for each bus. A separate category alarm and lights on a panel in the central
control room alert the operator when any 480-V bus voltage falls to approximately 94-percent.
These may actuate during load-sequencing operations, but they are primarily intended to alert
the operator to sustained degraded voltages that result from problems on the offsite power
system. A separate Westinghouse type CP relay is used for each bus. These alarm circuits and
relays are subject to an actuation operability test each 31 days and a channel calibration each
24 months.

In the unlikely event of a sustained degraded voltage coincident with a safety injection signal for
approximately 10 £2 sec, the 480-V feed breaker to the safeguards bus will trip.

7.5.2.1.12.1 Station Auxiliary Transformer Load Tap Changer Sl Signal

The Load Tap Changer (LTC) is used to maintain the nominal voltage level on the Station
Auxiliary Transformer’'s (SAT's) 6.9 KV buses by automatically raising or lowering the SAT
secondary winding taps in response to voltage variations on the 6.9 KV buses. During a Sl
event the SI signal will raise the LTC tap position increasing the voltage towards a pre-selected
voltage in anticipation of the increased loads from the fast transfer of the loads held by the four
6.9 KV in-house buses to the SAT, thus reducing the severity of a degraded voltage condition on
the 480V and 6.9KV buses.

7.5.2.1.13 Reactor Coolant Pump Seal Injection

The seal injection flow rate to each reactor coolant pump is indicated locally by a AP gauge. A
flow transmitter in parallel with each of the AP gauges provides remote flow indication in the
central control room. The system does not provide an alarm or initiate any safety action.

7.5.2.1.14 Reactor Vessel Level

A reactor vessel level indication system has been installed to assist the operator in determining
the presence of voids in the reactor vessel. The reactor vessel level indication system, which is
mainly part of the inadequate core cooling instrumentation (Section 4.2.11), indicates the water
level from the bottom to the top of the reactor vessel and under different coolant flow conditions
with and without reactor coolant pumps operating. The system is described in Section 4.2.11.

7.5.2.1.15 Subcooling Margin Monitoring System

The subcooling margin monitoring system has been installed in accordance with the
requirements of NUREG-0578 and NUREG-0737. The system provides indication for aiding the
operator in diagnosing early symptoms of inadequate core cooling during transients and
accidents and determining whether or not safety injection can be terminated.

The system has two independent, redundant channels, each providing indication in the control
room. The inputs of one subcooling margin monitoring channel (reactor coolant system
pressure, hot-leg temperature, cold-leg temperature) are provided by a wide-range reactor
coolant system pressure transmitter in reactor coolant loop 21, and the reactor coolant system
cold- and hot-leg resistance temperature detectors in loops 21 and 23. The redundant channel
receives pressure input from a transmitter in loop 24, and temperature input from detectors in
loops 22 and 24.
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The system is energized from Class 1E power supplies.

The subcooling margin monitors are located in the central control room along with its associated
signal conditioning equipment.

7.5.2.1.16 Reactor Coolant System Pressure
RCS pressure is monitored on three of the four primary loops.

Signals from PT 402 and PT 403 on loops 21 and 24 provide wide range pressure indication in
the Central Control Room and independent, redundant interlock signals to the RHR isolation
valves (730 and 731) to prevent opening them at high RCS pressures. RCS pressure for PT 402
and PT 403 is transmitted through a filled capillary system to transmitters located outside
containment in the Pipe Penetration Area. The sensing lines are connected to the pressure
sensor bellows to capillary lines extending through the penetrations, to hydraulic isolators, which
are located outside of containment. The capillary lines are routed through separate penetrations
as shown on Figure 7.5-1.

Signals from PT 413, PT 433 and PT 443 on loops 21, 23 and 24 provide input to the
Overpressure Protection System (Section 7.3.3.5).

7.5.2.1.17 Pressurizer Relief Tank Temperature

Temperature in the pressurizer relief tank may be used as an indication of pressurizer relief
valve position, backing up the acoustic monitors. A temperature indicator is provided in the
control room.

7.5.2.1.18 Alarms

Visual and/or audible alarms are provided to call attention to abnormal conditions. The audible
alarms are of the individual acknowledgment type; that is, the operator must recognize and
silence the audible alarm for each alarm point. For most control systems, the sensing device
and circuits for the alarms are independent, or isolated from, the control devices.

In addition to the above, the following local instrumentation is available:

1. Containment spray test lines total flow.
2. Safety injection test line pressure and flow.

7.5.3 System Evaluation

Redundant instrumentation has been provided for all inputs to the protection systems and vital
control circuits.

Where wide process variable ranges and precise control are required, both wide-range and
narrow-range instrumentation are provided.

Instrumentation components are selected from standard commercially available products.

All electrical and electronic instrumentation required for safe and reliable operation is supplied
from four redundant instrumentation buses.
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7.5 FIGURES
Figure No. Title
Figure 7.5-1 Reactor Coolant Wide Range Pressure Instrument System —
Flow Diagram

7.6 INCORE INSTRUMENTATION

7.6.1 Design Basis

The incore instrumentation is designed to yield information on the neutron flux distribution and fuel
assembly outlet temperatures at selected core locations. Using the information obtained from the
incore instrumentation system, it is possible to confirm the reactor core design parameters and
calculated hot-channel factors. The system provides means for acquiring data and performs no
operational plant control. The incore thermocouples are also designed to provide information for
diagnosing the onset of inadequate core cooling and for mitigating its effects.

7.6.2 System Design

The incore instrumentation system consists of thermocouples, positioned to measure fuel assembly
coolant outlet temperature at preselected locations, and flux thimbles, which run the length of
selected fuel assemblies to measure the neutron flux distribution within the reactor core.

The experimental data obtained from the incore temperature and flux distribution instrumentation
system, in conjunction with previously determined analytical information, can be used to determine
the fission power distribution in the core at any time throughout core life. This method is more
accurate than using calculational techniques alone. Once the fission power distribution has been
established, the maximum power output is primarily determined by thermal power distribution and
the thermal and hydraulic limitations determine the maximum core capability.

The incore instrumentation provides information that may be used to calculate the coolant enthalpy
distribution, the fuel burnup distribution, and an estimate of the coolant flow distribution.

Both radial and azimuthal symmetry of power may be evaluated by combining the detector and
thermocouple information from the one quadrant with similar data obtained from the other three
quadrants.

7.6.2.1 Thermocouples

Chromel-alumel thermocouples are threaded into guide tubes that penetrate the reactor vessel
head through seal assemblies and terminate at the exit flow end of the fuel assemblies. The
thermocouples are provided with two primary seals, a conseal and swage-type seal from conduit to
head. The thermocouples are enclosed in stainless steel sheaths within the above tubes to allow
replacement if necessary. Thermocouple readings are recorded in the control room. The support
of the thermocouple guide tubes in the upper core support assembly is described in Chapter 3.

A total of 65 thermocouples are installed at preselected core locations to provide core exit
temperature data up to 2300°F. There are two microprocessors, one to process data for 34
thermocouples and the other for the remaining 31. Two display units are provided on the central
control room accident assessment panels. Each presents a graphic core location map with an
alphanumeric display of core exit temperatures. Temperature signals from the microprocessors are
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are sent to the plant computer.

Microprocessors, display units and cables are separated into two redundant channels.
Thermocouples, cables, microprocessors and display units are seismically designed. Cables and
components inside the containment and in the electrical penetration area are environmentally
gualified. The two channels receive power from redundant instrument busses.

7.6.2.2 Movable Miniature Neutron Flux Detectors

Six fission chamber detectors (employing U3;Og, which is 90-percent enriched in U-235) can be
remotely positioned in retractable guide thimbles to provide flux mapping of the core. Maximum
chamber dimensions are 0.188-in. in diameter and 2.10-in. in length. The stainless steel detector
shell is welded to the leading end of the helical-wrap drive cable and the stainless steel sheathed
coaxial cable. Each detector is designed to have a minimum thermal neutron sensitivity of 1.5 x 10
7 AlInv and a maximum gamma sensitivity of 3 x 10** A/rad-hr. Operating thermal neutron flux
range for these probes is 1 x 10 to 5 x 10" nv. Other miniature detectors, such as gamma
ionization chambers and boron-lined neutron detectors, can also be used in the system. The basic
system for the insertion of these detectors is shown in Figures 7.6-1 through 7.6-3. Retractable
thimbles into which the miniature detectors are driven are pushed into the reactor core through
conduits that extend from the bottom of the reactor vessel down through the concrete shield area
and then up to a thimble seal zone.

The thimbles are closed at the leading ends, are dry inside, and serve as the pressure barrier
between the reactor water pressure and the atmosphere. Mechanical seals between the retractable
thimbles and the conduits are provided at the seal line. The thimbles are seismic Class |, and the
supports for the flux mapping frame support assembly are seismically designed.

During reactor operation, the retractable thimbles are stationary. They are extracted downward
from the core during refueling to avoid interference within the core. A space above the seal line is
provided for the retraction operation.

The drive system for the insertion of the miniature detectors consists basically of six drive
assemblies, six path group selector assemblies and six rotary selector assemblies, as shown in
Figures 7.6-1 and 7.6-2. The drive system pushes hollow helical-wrap drive cables into the core
with the miniature detectors attached to the leading ends of the cables and small-diameter
sheathed coaxial cables threaded through the hollow centers back to the ends of the drive cables.
Each drive assembly generally consists of a gear motor that pushes a helical-wrap drive cable and
detector through a selective thimble path by means of a special drive box and includes a storage
device that accommodates the total drive length. Further information on mechanical design and
support is described in Chapter 3.

The control and readout system for the movable miniature neutron flux detectors provides means
for inserting the miniature neutron detectors into the reactor core and withdrawing the detectors at a
selected speed while plotting a level of induced radioactivity versus detector position. The control
system consists of two sections, one physically mounted with the drive units, and the other
contained in the control room. Limit switches in each drive conduit provide means for prerecording
detector and cable positioning in preparation for a flux mapping operation. One group path selector
is provided for each drive unit to route the detector into one of the flux thimble groups. A rotary
transfer assembly is a transfer device that is used to route a detector into any one of up to ten
selectable paths. Ten manually operated isolation valves allow free passage of the detector and
drive wire when open, and when closed prevent leakage from the core in case of a thimble rupture.
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rupture. A path common to each group of flux thimbles is provided to permit cross calibration of the
detectors.

The central control room contains the necessary equipment for control, position indication, and flux
recording. Panels are provided to indicate the core position of the detectors and for plotting the flux
level versus the detector position. Additional panels are provided for such features as drive motor
controls, core path selector switches, plotting, and gain controls. A "flux-mapping" consists, briefly,
of selecting (by panel switches) flux thimbles in given fuel assemblies at various core quadrant
locations. The detectors are driven or inserted to the top of the core and stopped automatically. An
X-Y plot (position vs. flux level) is initiated with the slow withdrawal of the detectors through the core
from top to a point below the bottom. In a similar manner other core locations are selected and
plotted.

Each detector provides axial flux distribution data along the center of a fuel assembly. Various
radial positions of detectors are then compared to obtain a flux map for a region of the core.

7.6.3 System Evaluation

The thimbles are distributed nearly uniformly over the core with about the same number of thimbles
in each quadrant. The number and location of thimbles have been chosen to permit the
measurement of local-to-average peaking factors to an accuracy of +10-percent (95-percent
confidence). Measured nuclear peaking factors are increased to allow for possible instrument error.
The departure from nucleate boiling ratio calculated with the measured hot-channel factor is
compared to the departure from nucleate boiling ratio calculated from the design nuclear hot-
channel factors. If the measured power peaking is larger than expected, reduced power capability
will be indicated.

7.6.4 System Operation

A minimum of 2 thimbles per quadrant and sufficient movable in-core detectors shall be operable
during re-calibration of the excore axial offset detection system.

7.6 FIGURES

Figure No. Title

Figure 7.6-1 Typical Arrangement Of Moveable Miniature Neutron Flux Detector
System, replaced with Plant Drawing 1999MC3880

Figure 7.6-2 Arrangement Of Incore Flux Detector, replaced with Plant Drawing
1999MC3881

Figure 7.6-3 Incore Instrumentation - Details, replaced with Plant Drawing
1999MC3882

7.7 OPERATING CONTROL STATIONS

7.7.1 Station Layout

The principal criterion of control station design and layout is that all controls, instrumentation
displays, and alarms required for the safe operation and shutdown of the plant are readily available
to the operators in the central control room.

Chapter 7, Page 95 of 108
Revision 22, 2010



P2
FSAR UPDATE

During other than normal operating conditions, other operators will be available to assist the control
room operator. Plant Drawing 209812 [Formerly UFSAR Figure 1.2-7 Sheet 1], shows the central
control room arrangements for the unit. The control board is divided into relative areas to show the
location of control components and information display pertaining to various subsystems.

Early control room reviews performed in 1980 and 1981 resulted in implementation of several
changes including:

1. Installation of battery-operated emergency lighting fixtures to provide for continuously
available emergency lighting.

2. Installation of several new multipoint recorders and relocation of some recorders to
be adjacent to the flight panel.

3. Revised flash rate of supervisory annunciators from one to two flashes per second.

4, Relocation of annunciators to provide a more functional grouping and a more

systems oriented display.

In response to NRC's Generic Letter 82-33 and the requirements of Supplement 1 to NUREG-0737,
Requirements for Emergency Response Capability, a detailed control room design review was
conducted (Reference 1). The purposes of this review were:

to review and evaluate the control room workspace, instrumentation, controls and other equipment
from a human factors engineering point of view; to identify human engineering observations and
human engineering discrepancies; and to establish a plan for implementing corrective action.

The review was conducted by a multi-disciplined team having qualifications consistent with the
guidelines of NUREG-0700. The team conducted the review through the following major activities:

Operating experience review.

Function and task analysis.

Control room survey.

Verification of task performance capabilities.
Validation of control room as an integrated system.

arwbdE

Numerous changes were made in the central control room to implement human engineering
enhancements. Among the changes made were:

1. Improved panel demarcation and annunciator tile/panel device labeling.

2. Replacement, relocation and provision of additional indicators for a number of
parameters.

3. Removal of retired indicators/controls. Improvements to communications between

the control room and other plant areas.

The detailed control room design review was reviewed by the NRC as documented in their SER
dated January 12, 1989 (Reference 3) and found acceptable.
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7.7.2 Information Display And Recording

7.7.2.1 Operational Information

Alarms and annunciators in the central control room provide the operators with warning of abnormal
plant conditions that might lead to the damage of components, fuel, or other unsafe conditions.
Other displays and recorders are provided for indication of routine plant operating conditions and for
the maintenance of records.

Consideration is given to the fact that certain systems normally require more attention from the
operator. The control system, therefore, is centrally located on the three-section board.

On the left section of the control board, individual indicators present a direct, continuous readout of
every control rod position. Fault detectors in the rod drive control system are used to alert the
operator should an abnormal condition exist for any individual or group of control rods. Displayed in
this same area are limit lights for each control rod group and all nuclear instrumentation information
required to start up and operate the reactor. Control rods are manipulated from the left section.

Variables associated with the operation of the secondary side of the station are displayed and
controlled from the control board. These variables include steam pressure and temperature,
feedwater flow and temperature, electrical load, and other signals involved in the plant control
system. The control board also contains provisions for indications and control of the reactor coolant
system. Redundant indication is incorporated in the system design since pressure and temperature
variables of the reactor coolant system are used to initiate safety features. Control and display
equipment for station auxiliary systems are also located here.

The engineered safety features systems are controlled and monitored from a vertical panel to the
left of the control board. Valve position indicating lights are provided as a means of verifying the
proper operation of the control and isolation valves following initiation of the engineered safety
features. Control switches located on this panel allow manual operation or test of individual units.
Also located on this section are the control switches, indicating lights, and meters for fans and
pumps required for emergency conditions. Also mounted on this section are auxiliary electrical
system controls required for manual switching between the various power sources described in
Section 8.2.2.

Controls and indications for Containment Purge and Exhaust, Primary Auxiliary Building and Fuel
Service Building ventilation systems are located on CCR panel SL. Controls and indications for the
containment isolation valves, and the isolation valve seal-water system are located on a CCR panel
SN. Radiation monitoring information is indicated immediately behind and to the left of the main
control board.

Audible reactor building alarms are initiated from the radiation monitoring system and from the
source range nuclear instrumentation. Audible alarms will be sounded in appropriate areas
throughout the station if high-radiation conditions are present.

As a result of considerations arising from experience at TMI, the instrument panels in the control
room were modified to receive monitors and recorders associated with the following:

1. Reactor coolant system hot-leg temperature.

2. Main steam line radiation monitors.
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3 High-range containment radiation monitors.

4 High-range noble gas monitors.

5. Containment sump level indication.

6. Hydrogen and oxygen containment air analyzers.
7 Containment high-range pressure indication.

8 Reactor vent valve position indication.

9. Reactor vent temperature monitor.

10. Reactor vessel level indication.

11. Power-operated relief valve block valve position indication.
12. Subcooling monitor system indications.

13. Wide range hot-leg temperature indication

A plant process computer system is installed with color graphic displays in the central control room
that monitors operating plant data as well as easily accessible sets of key plant safety parameters.
It also provides data links with the technical support center, the emergency operations facility and
the Alternate emergency operations facility. It has the capability of long term data storage and
retrieval.

7.7.2.2 Safety Parameter Information

A system for monitoring safety parameter information is provided in accordance with the
requirements of NUREG-0737, Supplement 1. It is an operator aid and not a safety-grade system
and performs no safety function. The operation and potential failure of the plant computer system
will not degrade the performance of safety systems.

The plant computer system consists of a data acquisition system, redundant computer systems with
associated peripherals, and color displays.

The data acquisition system receives digital and analog signals required to monitor critical safety
functions, which are:

-Reactivity control

-Reactor core cooling

-Reactor coolant system heat sink
-Reactor coolant system integrity
-Containment conditions

-Reactor coolant system inventory control

Several parameters (measures of plant status or performance) are monitored for each critical safety
function, and each parameter is measured by signals input from one or more plant sensors. The
data acquisition system samples each input 10 times per second. The redundant computer
systems receive, process, analyze, and store the data and provide outputs to the system displays.
The computer performs data acquisition and processing, and drives the displays. The backup
computer acquires data in parallel with the primary computer and periodically performs data
processing and calculation functions for intracomputer verification. The loss of any critical
component in the primary system triggers a switchover to the backup system, which then provides
all primary system functions.

The plant computer display system consists of seven-color graphic displays. The displays are
located in the Central Control Room, Technical Support Center, Emergency Operations Facility,
and Alternate Emergency Operations Facility.
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Types of primary displays available are the plant mode, thirty-minute trend, and critical safety
function status tree. Also available are a display of emergency core cooling inventories and a
display of availability of emergency core cooling inventories and a display of availability of
emergency power. The system, which originally consisted of ten secondary displays, has provision
for future expansion as warranted.

7.7.3 Emergency Shutdown Control

The central control room, its equipment, and furnishings have been designed so that the likelihood
of conditions that could render the control room inaccessible even for a short time is extremely
small.

A criterion of the station design and layout is that all controls, instrumentation displays, and alarms
required for the safe operation and shutdown of the plant are readily available to the operators in
the central control room.

It is design policy that the functional capacity of the central control room shall be maintained at all
times inclusive of accident conditions, such as a maximum credible accident or a design basis
event. The following features are incorporated in the design to ensure that this criterion is met:

1. Structural and finish materials for the central control room and the cable-spreading
room below were selected on the basis of fire-resistant characteristics. Structural
floors are concrete reinforced. Interior partitions are metal paneling joints. The
control room ceiling covering is fire-retardant egg crate diffusers. Door frames and
doors are metallic.

2. The central control room is equipped with portable fire extinguishers. The
extinguishers carry the Underwriters' Laboratory label of approval.

3. The cable-spreading room has a smoke detection system and a manually operated
Halon system. The smoke detection system actuates an alarm in the control room.
The cable tunnel has heat-sensitive devices, which actuate alarms in the control
room and a water spray deluge system for fire extinguishing.

4, The control room ventilation consists of a system having a large percentage of
recirculated air. The fresh air intake can be diverted to charcoal filters to remove
airborne activity if monitors indicate that such action is appropriate.

5. Control cables used throughout the installation have been selected on the basis of
flame testing described in Chapter 8 and have superior flame-retardant capability.
Each conductor has a flame-retardant glass braid over the insulation. In addition,
electrical circuits are limited in the control room to those associated with lighting,
instrumentation, and control. Lighting circuits operate on 120-V; instrumentation and
control circuits operate at either 120-V ac, 125-V DC, or at millivolt level. All 120-V
and 125-V circuits are protected against both overload and short circuits by either
fuses or circuit breakers. The power levels on the millivolt circuits are so low that the
probability of fire hazard due to short circuits is very low.

6. All control and indication is transmitted into the control room ensuring that no

combustible process fluids are carried into the room.
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7. Cables that penetrate the control room floor pass through firestops to minimize fume
and flame transmission from possible fire sources external to the control room.

8. All internal wiring in switchboards and instrument racks is type SIS cross-linked
polyethylene, which has excellent resistance to the propagation of flame. As a result
of the design criterion discussed above, the amount of combustible material in the
control room is of such small quantity that a fire of the magnitude that would require
the evacuation of the control room is not credible.

As a further measure to ensure safety, provisions have been made so that plant operators can shut
down and maintain the plant in a safe condition by means of controls located outside the control
room. During such a period of control room inaccessibility, the reactor will be tripped and the plant
maintained in a hot shutdown condition. If the period extends for a long time, the reactor coolant
system can be borated to maintain shutdown as xenon decays.

In the unlikely event that the control room becomes inaccessible or the controls and/or
instrumentation becomes nonfunctional due to a fire, the plant is equipped with an alternate safe
shutdown system (ASSS) as discussed in Section 8.3, which provides the capability to safely
shutdown and maintain the plant in a safe shutdown condition.

Abnormal operating procedures are in effect, to be used in their entirety or in part, to safely
shutdown the plant in the event of inaccessibility of the control room. These procedures would be
implemented based upon loss of normal and preferred alternate methods of control. These
procedures do not include all the available normal methods of control described below.

The functions for which local control provisions have been made are listed below along with a brief

description of the type of alternate controls and their location in the plant. Transfer to these local
controls is annunciated in the central control room.

7.7.3.1 Reactor Trip

If the central control room should be evacuated suddenly without any action by the operators, the
reactor can be manually tripped by any of the following:

1. Operation of the Reactor Trip Breakers’ local trip button.
2. Tripping the Control Rod Drive MG Set breakers.
3. Tripping/opening of any one of the MG Set power supply sources.

Following evacuation of the central control room, the following systems and equipment are provided
to maintain the plant in a safe shutdown condition from outside the central control room:

Residual heat removal.

Reactivity control, i.e., boron injection to compensate for fission product decay.
Pressurizer pressure and level control.

Electrical systems as required to supply the above systems.

Other equipment, as described.

arwbdE
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7.7.3.1.1 Residual Heat Removal

Following a normal plant shutdown, an automatic steam dump control system bypasses steam to
the condenser and maintains the reactor coolant temperature at its no-load value. This implies the
continued operation of the steam dump system, condensate circuit, condenser cooling water, feed
pumps, and steam-generator instrumentation. Failure to maintain water supply to the steam
generators would result in steam-generator dry-out after some 2400 sec and loss of the secondary
system for decay heat removal. Redundancy and full protection where necessary is built into the
system to ensure the continued operation of the steam-generator units. If the automatic steam
dump control system is not available, independently controlled relief valves on each steam
generator maintain the steam pressure. These relief valves are further backed up by coded safety
valves on each steam generator. Numerous calculations have shown that with the steam generator
safety valves operating alone, the reactor coolant system maintains itself close to the nominal no-
load condition. The steam relief facility is adequately protected by redundancy and local protection.
For decay heat removal, it is only necessary to maintain the control on one steam generator.

For the continued use of the steam generators for decay heat removal, it is necessary to provide a
source of water, a means of delivering that water and, finally, instrumentation for pressure and level
indication.

The normal source of water supply is the secondary feed circuit; this implies satisfactory operation
of the condenser, air ejector, condenser cooling circuit, etc. In addition to the normal feed circuit,
the plant may fall back on:

1. The condensate storage tank.
2. The city water storage tank.
3. The city water supply.

Feedwater can be supplied to the steam generators by the two motor-driven auxiliary feedwater
pumps or by the steam-driven auxiliary feedwater pump, these pumps and associated valves
having local controls.

7.7.3.1.2 Reactivity Control

Following a normal plant shutdown to hot shutdown condition, soluble poison is added to the
primary system to maintain subcriticality. For boron addition, the chemical and volume control
system is used. Routine boration requires the use of the following:

1. Charging pumps and volume control tank with associated piping.

2. Boric acid transfer pumps with tanks and associated piping. (Not included in
abnormal operating instructions on control room inaccessibility).

3. Letdown station, nonregenerative heat exchanger and associated equipment,
component cooling, and service water systems. Compressed air for manual valve
operation could be adopted if necessary.

It is worthy of note that with the reactor held at hot shutdown conditions, the boration of the plant is
not required immediately after shutdown. The xenon transient does not decay to the equilibrium
level until about 20 hr for 100-percent power shutdown. However, for other power levels, this decay
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decay time can be lower, that is, as much as 5 hr for a 10-percent power shutdown. A further
period would elapse before the 1-percent reactivity shutdown margin provided by the full-length
control rods has been cancelled. This delay would provide useful time for emergency measures.

7.7.3.1.3 Pressurizer Pressure and Level Control

Following a reactor trip, the primary temperature will automatically be reduced to the no-load
temperature condition as dictated by the steam-generator temperature conditions. This reduction in
the primary water temperature reduces the primary water volume, and if continued pressure control
is to be maintained, primary water makeup is required.

The pressurizer level is controlled in normal circumstances by the chemical and volume control
system. This implies the charging pump duty referred to for boration plus a guaranteed borated
water supply. The facility for boration is provided as described above; it is only necessary to supply
water for makeup. Water may readily be obtained from normal sources, that is, the volume control
tank.

7.7.3.2 Startup of Other Equipment

The containment air recirculation fan coolers should be continued in operation to remove heat
generated within the containment building. If they have stopped, at least one should be restarted
within 5 min with the others started later as required. Similarly the nuclear service water pumps are
to be checked and at least one of them restarted if none are already operating. The fan coolers and
the service water pump remote controls are located in the switchgear room.

Offsite or onsite emergency power should be available to supply the above systems and equipment
for the hot shutdown condition.

7.7.3.3 Indications and Controls Provided Outside the Central Control Room

The specific indications and controls provided outside the central control room for the above
capabilities are summarized in the following sections.

7.7.3.3.1 Indications

1. Level indication for the individual steam generators. One set for local control of
steam generator level is visible from the auxiliary feedwater pump area; another set
is visible from the main feedwater control valve area.

2. Pressure indication for the individual steam generators, visible from the auxiliary
feedwater pump area.

3. Pressurizer level and pressure indicators. One set is visible from the auxiliary
feedwater pump area, and one set is in the primary auxiliary building in the vicinity of
the charging pump local control point. All instruments at the auxiliary feedwater
pumps are grouped on a local gauge board.

4, Level indicators for steam generators 21 and 22 are located in the primary auxiliary
building in the vicinity of the charging pumps.
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7.7.3.3.2 Controls

Local stop/start motor controls with a local/remote selector switch are provided at each of the
following motors. The selector switch will transfer the control of the switchgear from the central
control room to "local" at the motor. Placing the local selector switch in the local operating position
will give an annunciator alarm in the central control room and will turn out the motor control position
lights on the central control room panel.

1. Auxiliary motor-driven feedwater pumps.

2. Charging pumps.

3 Boric acid transfer pumps. (Not included in administrative operating instructions on
control room inaccessibility).

Local stop/start motor controls with a local/remote selector switch are provided for each of the
following motors. These controls are grouped at one point in the switchgear room convenient for
operation. The selector switch will transfer the control of the switchgear from the central control
room to this local point. Placing the selector switch to local operation will give an annunciator alarm
in the central control room and will turn out the motor control position lights on the central control
room panel.

1. Service water pumps.
2. Containment air recirculation fans.
3. Central control room air-handling unit, including control for the air inlet dampers.

Alternative motor control points are not required for the following:

1. Component cooling water pumps. (Automatically restarted on a blackout once the
diesel generators are operating.)
2. Instrument air compressors and cooling pumps. (These will start automatically on

low pressures in the air and water services once the diesel automatically energizes
the bus and the motor control centers are manually energized. The control point is
local to the compressors. The compressors must be initially re-energized after the
motor control centers are reset.)

7.7.3.3.3 Speed Control

Speed control is provided locally for the following:

1. Auxiliary turbine-driven feedwater pump.
2. Charging pumps.

7.7.3.3.4 Valve Control

Local valve control is provided at the following:

1. Main feedwater regulators.

2. Auxiliary feedwater control valves.(These valves are located local to the auxiliary
feedwater pumps.)

3. Atmospheric dump (auto control normally at hot shutdown).

4. All other valves requiring operation during hot standby can be locally operated at the
valve.
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5. Letdown orifice isolation valves local to the charging pumps. Local control (e.g.,
"close-remote-open" selector switches) and indication (e.g., valve "open" position
indicating lights) are provided for the regenerative heat exchanger letdown outlet
flow control orifice isolation valves and the letdown inlet stop valve.

7.7.3.3.5 Pressurizer Heater Control

Stop and start buttons with selector switch and position lamp are provided locally at the charging
pumps for Pressurizer Backup Heater Group 21.

7.7.3.3.6 Lighting

Emergency lighting is provided in all operating areas. In addition, fixed battery pack emergency
lighting units with at least an 8-hr battery power supply have been installed in areas needed for
operation of safe-shutdown equipment and in access and egress routes to and from these areas in
accordance with the requirements of 10 CFR 50, Appendix R.

7.7.3.3.7 Central Control Room Emergency Lighting

The emergency lighting in the central control room (CCR) consists of a combination of AC and DC
lighting. These lights are strategically located to illuminate the instrument panels, flight panel,
supervisory control panels, and the operator's desk. The normal voltage supply for CCR lighting is
the AC lighting panels. The CCR emergency lighting is normally deenergized. If the CCR normal
AC lighting failed, the CCR emergency AC or emergency DC lighting would illuminate. The CCR DC
emergency lighting is supplied from Unit 2 Battery #21, whereas, the CCR AC emergency lighting is
supplied from the Unit 1 M-G Sets. In addition, dual-lamp battery pack emergency lighting fixtures
and remote-mounted battery pack emergency lighting fixture spotlights are located in the CCR, to
provide additional illumination for the supervisory panel, flight panel, and accident assessment
panel.

7.7.4 Communications

Plant communications are conducted via telephone, radio, and Public Address (paging) systems.

The plant telephone and radio communications systems include two (2) PBX electronic switches,
backup phone lines and a UHF radio system. A third PBX electronic switch is located at the
Buchanan Service Center (EOF).

The public address system for Indian Point Unit 2 consists of "Page" and "Party" communications,
which are common to both the primary (nuclear) and secondary (conventional) portions of Units 1
and 2. The “Page” and “Party” communications are also monitored at a speaker panel located in
the CCR. Two radio channels are available at the Indian Point Unit 2 control room. These radio
channels are as follows:

1. Central radio channel - Provides the central control room with radio communication
to the Con Edison system operator.

2. Indian Point area radio - Provides the central control room with radio communication
to the emergency operation facilities, offsite monitoring teams, and the site security
forces.
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If the control room were to become inaccessible, safe shutdown communications would be
conducted with the use of portable radios. This in-house radio system is also provided for
communicating with in-plant personnel throughout the plant.

7.7.4.1 Central Control Room Communication Facilities

The central control room is provided with telephone-radio-page/party communication consoles and
page/party handset stations.

The consoles have automatic pushbutton dialers which are capable of storing telephone numbers
and which will automatically dial a selected number at the touch of a button. Dedicated point-to-
point private lines, PBX extensions, direct outside auxiliary lines, and hotlines are assigned to these
pushbuttons.

A State/County Radiological Emergency Communication System (RECS) hotline is available. The
NRC Emergency Notification System (ENS) hotline is available in a separate location.

A separate printer and its telephone modem is also available for meteorological data reception.

7.7.4.2 Radio Communication

The two radio channels are available at the radio/page/party line consoles in the central control
room.

The station-type transceivers for the radio channels are located in the elevator machine room of
Indian Point Unit 1. Wired audio/control pairs connect the station-type transceivers with the
communication consoles in the central control room for remote operation.

7.7.4.3 Page/Party Line Communication

“Page” or “Party” line communication can be initiated in the CCR from either communication
consoles or from handset stations.

An emergency alarm switch is provided in the CCR to connect and actuate the existing alarm
oscillators to the “Page” system for the "Evacuation,” "Fire," or "Air Raid" alert signals.

Another switch is provided on the central control room desk, which allows all outdoor speakers of
the Indian Point 2 plant to be turned off at night.

7.7.4.4 Emergency Backup Power for Communications

The plant radio and telephone communications systems are automatically supplied from a back-up
power source, upon failure of the normal power source. In addition, each PBX is provided with two
(2) battery chargers (rectifiers) and a back-up battery capable of eight (8) hours of operation. The
page/party system is powered from the DC system (through an inverter) with backup power from
the emergency bus.
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7.7.4.5 In-house Radio System

An in-house radio system provides communications between the Technical Support Center, the 1&C
office, and in-plant personnel. Field units are low-wattage, hand-held units, which are not to be
used in areas containing equipment, which is potentially sensitive to radio-frequency interference.

REFERENCES FOR SECTION 7.7

1. Letter from J.D. O'Toole, Con Edison, to Hugh L. Thompson, NRC, Subject:
Indian Point Unit 2 Detailed Control Room Design Review Final Summary Report,
dated June 30, 1986.

2. Letter from S. Bram, Con Edison, to Document Control Desk, NRC, Subject:
Safety Assessment System/Safety Parameter Display System (SAS/SPDS) Safety
Analysis Report, Revision 1, dated April 30, 1988.

3. Letter from M. M. Slosson, NRC, to S. B. Bram, Con Edison, Subject. Safety
Evaluation Report - Detailed Control Room Design Review Summary Report For
Indian Point Nuclear Generating Unit No. 2 (TAC 56131), dated January 12, 1989.

7.7 FIGURES

Figure No. Title
Figure 7.7-1 Deleted

7.8 LIMITING SAFETY SYSTEM SETTINGS AND LIMITING CONDITIONS FOR OPERATION

Table 7.2-1 lists the reactor protection, engineered safety features, and other plant protection
actuation systems. Table 7.2-2 lists associated plant interlocks and permissive circuits. Settings
for these functions for safe plant operation are given in the facility Technical Specifications or
Technical Requirements Manual.

7.9 SURVEILLANCE REQUIREMENTS

Channel surveillance action (i.e., test, calibration, or check function) to be taken during the
operation of the plant and the minimum frequencies (each refueling, shift, or month) for the
indicated instrument channels are included in the Technical Specifications or Technical
Requirements Manual.

The instrumentation channels that are covered include, for example, nuclear, reactor coolant
temperature and flow, pressurizer pressure and level, and auxiliary process channels or
components necessary to ensure that facility operation is maintained within the safe limits. The
frequencies of periodic tests and checks of related systems and/or system components are also
included in the Technical Specifications or Technical Requirements Manual.
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7.10 ANTICIPATED TRANSIENT WITHOUT SCRAM MITIGATION SYSTEM ACTUATION
CIRCUITRY

In response to NRC requirements, Indian Point Unit 2 has been modified to incorporate features to
protect against anticipated transients without scram (ATWS). These provisions are the ATWS
mitigation system actuation circuitry (AMSAC), described in this section.

7.10.1 Design Bases

The Indian Point Unit 2 AMSAC provides a means, diverse from the reactor protection system, to
trip the turbine, start the auxiliary feedwater pumps, and initiate closure of the steam generator
blowdown isolation valves. It was designed to meet the requirements of 10CFR50.62. The NRC
Staff has concluded' that the design is acceptable and is in compliance with the ATWS Rule,
10CFR50.62, paragraph (c) (1).

The Indian Point Unit 2 AMSAC design is based on a modified Logic 1 option as described in
Reference 2. The plant specific modification involves the deletion of permissive and time delay
circuits, which is conservative compared to the generic design.

AMSAC utilizes signals from existing steam generator narrow-range level transmitters associated
with other systems. It actuates immediately on a predetermined level in any three steam
generators.

The logic power supplies for the AMSAC system components are independent from the power
supplies for the reactor protection system. AMSAC is capable of performing its intended function
without off-site power.

Alarm and/or annunciation is provided for AMSAC actuation, bypass or removal from service, and
deviations such as loss of power or partial trip.

7.10.2 System Design

AMSAC receives signals from one steam generator narrow-range level transmitter per steam
generator. Bistables give trip signals on level below the setpoint, which is between 5 and 8-percent
of the transmitter span. Either of two relay logic channels provides AMSAC actuation on low level
in any three steam generators.

AMSAC was designed and components selected to provide diversity from the reactor protection
system. Electrical isolation from both protection and control systems is also provided.

Power is supplied to the relay logic channels, which are energized to trip, from separate class 1E
125-VDC battery-backed distribution panels.

A two-position bypass switch, four test pushbuttons, and a status-indicating light are provided for
each logic channel, allowing surveillance testing a maintenance to be performed during reactor
operation. Bypassing either channel actuates an annunciator. While one channel is bypassed for
testing, the other remains capable of performing its mitigation function.

The AMSAC system does not affect either manual or automatic actuation of turbine trip or auxiliary
feedwater initiation. These circuits are self-latching such that their actions will go to completion if
initiated, and subsequent operator action is required to reset them.
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REFERENCES FOR SECTION 7.10

Letter from Donald S. Brinkman, NRC, to Stephen B. Bram, Con Edison, subject:
Indian Point Unit 2 ATWS RULE (10CFR50.62) (TAC NO. 59103), dated May 16,

1989.
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