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7.2 Reactor Trip System

The Reactor Trip System includes the Reactor Protection System (RPS), the Neutron Monitoring
System (NMS), and the Suppression Pool Temperature Monitoring (SPTM) functions. These
systems are discussed below in Subsections 7.2.1, 7.2.2 and 7.2.3, respectively.

7.2.1 Reactor Protection System

7.21.1  System Bases
The RPS safety-related design bases are the following:

+ To initiate an automatic safe shutdown of the reactor (also known as reactor trip) by means of
rapid hydraulic insertion of all control rods (scram) when:

- Anticipated operational occurrences (AOQO) (transient) anomalous states occur, which
potentially impair reactor safety.

- Errors in operation take place resulting in transients that potentially impair reactor safety.

» Toinitiate reactor power reduction and safe shutdown of the reactor by means of rapid hydraulic
insertion of a pre-defined group of the control rods. Several groups can be defined and
scrammed in sequence. This feature is called Select Rod Insert (SRI) and is initiated by reliable
signals from the Diverse Protection System (DPS).

» To provide timely protection against the onset and effects of conditions threatening the integrity
of the reactor fuel barriers, the reactor coolant pressure boundary (RCPB), or containment
vessel pressure boundary. This limits the uncontrolled release of radioactive materials from the
fuel assembly or the RCPB. Also to provide such protection against conditions that threaten
important plant equipment integrity.

» To initiate an automatic reactor trip whenever monitored process variables exceed or fall below
their specified trip setpoints based on values determined by AOO, accident analyses, and
instrument setpoint calculation methodology.

» To provide control switches for initiation of manual reactor scram by the plant operator.

» To provide reactor mode selection for enabling the appropriate instrument channel trip functions
required in a particular mode of plant operation. Mode selection also provides for bypassing
instrument channel trip functions that are not required and for establishing other necessary
interlocks associated with the major plant operating modes.

» To provide selective automatic and manual operational trip bypasses, as necessary, to permit
proper plant operations. These bypasses allow for protection requirements depending upon
specific existing or subsequent reactor operating conditions.

» To provide seal-in of specific trip logic paths after trip conditions have been satisfied and to
inhibit the trip reset, as necessary, to ensure subsequent required protective action sequences
are completed.
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To provide manual reset capability permitting restoration of the RPS and other affected systems
to their normal operational status following seal-in of any trip logic path or after a full reactor
scram.

To provide isolated outputs to other systems sharing instrument channel signals with the RPS,
using trip signals generated by the RPS, or requiring other indications of specific RPS status for
their inputs.

To provide isolated outputs to appropriate warning, trip, or bypass alarm annunciators to
operator displays (for example, flat panel or cathode ray tube [CRT] displays) and to the plant
computer functions (PCF) of the Nonsafety-related Distributed Control and Information System
(N-DCIS).

To provide means for calibration and adjustment of trip function setpoints and to provide
sufficient controls to permit surveillance and post-maintenance testing of RPS equipment.

The following bases ensure that the RPS is designed with sufficient reliability:

Single failures, bypasses, repairs, calibration, or adjustments do not impair the normal
protective functions of the RPS and do not result in inadvertent reactor scram or insertion of
control rods. The RPS is capable of accomplishing its protection functions in the presence of
any single failure within the RPS (with any three of the four divisions of safety-related power
available), any failures caused by a single failure, and any failure caused by any design basis
event requiring RPS protective action.

The RPS is designed to cause reactor scram even during system shutdown and loss of
electrical power sources.

The RPS fails into a safe state if conditions such as disconnection of the system (or portions of
the system), loss of electrical power, or adverse environment are experienced.

Loss of a single power source directly associated with RPS equipment and protection functions
does not cause instrument channel trips, division trips, or scram solenoid de-energization
resulting in full reactor scram or insertion of any control rod.

Once initiated, RPS protective actions continue in their intended sequence until completion of
hydraulic control rod insertion. The RPS trip is sealed-in and can only be reset manually. All
manual resets are automatically inhibited for 10 seconds to allow sufficient time for scram
completion.

The RPS has built-in redundancy in its design that fulfills the reliability and availability
requirements of the system.

The RPS has bypass capability for failed portions of each division's equipment without
degrading operability.

A separate and diverse manual trip function is provided through the use of two manual-trip
switches. Actuation of both manual-trip switches is required for a full reactor scram.

7-143 Revision 0
October 2015



Fermi 3
Updated Final Safety Analysis Report

Physical separation and electrical isolation between redundant divisions of the RPS are
provided by separate process instrumentation, separate racks, and separate or independent
panels and cabling. Separate equipment rooms in the Control Building (CB) perform this
function.

The following features reduce the probability that RPS operational reliability is degraded by
operator error.

Access to trip settings, calibration controls, test points, and other terminal points are under the
control of Operations supervisory personnel.

Manual bypass of components is under the control of the main control room (MCR) operator.
Any bypass of safety-related parts of the system is continuously indicated in the MCR. The
design does not allow more than one division to be bypassed at a time.

Selective automatic and manual trip bypasses are provided to permit proper plant operation.
Controls for manual initiation of reactor scram by the plant operator are provided.

A Reactor Mode Switch is provided to select the plant operation mode. This switch sends
bypass and interlock signals to the RPS, instruments, and hardware.

7.21.2  System Description

7.2.1.2.1 Reactor Protection System Identification

The RPS is the overall collection of instrument channels, trip logics, trip actuators, manual controls,
and scram logic circuitry. This collection initiates rapid insertion of control rods to shut down the
reactor when situations and circumstances arise that could result in unsafe reactor operating
conditions. The RPS also establishes appropriate interlocks for different reactor operating modes
and provides status and control signals to other systems and alarms.

To accomplish its overall function, the RPS interfaces with the:

Safety-Related Distributed Control & Information System (Q-DCIS)

Safety System Logic and Control / Engineered Safety Features (SSLC/ESF)
NMS

Nuclear Boiler System (NBS)

Control Rod Drive (CRD) System

Containment Monitoring System (CMS) (including the SPTM function)

Rod Control and Information System (RC&IS)

Leak Detection and Isolation System (LD&IS)

Isolation Condenser System (ICS)

Steam Bypass and Pressure Control System (SB&PC System)
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* Plant Automation System (PAS)

* MCR panels

+ N-DCIS

- DPS

* Uninterruptible Alternating Current (AC) Power Supply System
* Raceway System

The RPS hardware/software platform is diverse from SSLC/ESF and DPS. RPS has a separate set
of sensors from SSLC/ESF, and a diverse set of sensors from DPS.

A simplified RPS functional block diagram is provided in Figure 7.2-1; a more detailed diagram
representing the RPS data flow and configuration is provided in Figures 7.2-11a and 7.2-11b. A
simplified RPS interfaces and boundaries diagram is provided in Figure 7.2-2.

7.2.1.2.2 Reactor Protection System Classification

The RPS is classified as a safety-related system. The functions and components of the RPS are
safety-related unless otherwise indicated. The RPS electrical equipment also is classified as
Seismic Category | and as |IEEE electrical category safety-related.

7.2.1.2.3 Power Sources

AC electric power required by the four divisions of RPS logic is supplied from four pairs of physically
separate, electrically independent, uninterruptible, safety-related 120 VAC buses. Either UPS of the
divisional power source supports the RPS division. Two divisions of the safety-related 120 VAC also
are used as the power sources for the solenoids of the scram pilot valves.

7.2.1.2.4 Reactor Protection System Equipment Design

The RPS is designed to provide reliable, single failure proof capability to automatically or manually
initiate a reactor scram while maintaining protection against unnecessary scrams resulting from
single failures. The RPS satisfies the single failure criterion even when one entire division of
sensors is bypassed or when one of the four automatic RPS trip logic systems is out of service (with
any three of the four divisions of safety-related AC power available). This is accomplished through
the combination of fail-safe equipment design, redundant sensor division trip decision logic, and
redundant two-out-of-four trip system output scram logic. The dual two-out-of-four arrangement
used in the RPS design ensures that the single failure criterion is incorporated.

Equipment within the RPS is designed to fail into a trip-initiating state upon loss of power, loss or
disconnection of any input signal, or loss of any internal or external device-to-device connection
signal. The failure does not affect trip bypass logic signals or trip bypass permissive logic signals.

The design of the RPS includes two operator-controlled bypasses: the "division of sensors" and the
"division of logic (division out of service)" bypasses. These are independently controlled by
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separate fiber-optic "joystick" switches allowing the operator to insert the bypass into only one
division at a time. There is no combination of operator bypasses that can reduce the redundancy of
the RPS system below the requirements of IEEE Std. 603 Sections 6.7 and 7.5. The system is able
to scram the reactor if any two like and un-bypassed parameters exceed their trip values. The
required scram capability is maintained even if the RPS back panel chassis are keylock-disabled
(not an operator function).

7.21.241 Arrangement

The RPS-related equipment is divided into four redundant divisions of sensor (instrument)
channels, trip logics, and trip actuators as well as two divisions of manual scram controls and scram
logic circuitry. The sensor channels, divisions of trip logic, divisions of trip actuators, and associated
portions of the divisions of scram logic circuitry together constitute the RPS automatic scram and
backup scram initiation logic. The divisions of manual scram controls and associated portions of the
divisions of scram logic circuitry together constitute the RPS manual scram and backup scram
initiation logic.

The automatic and manual scram initiation logics are independent of each other and use diverse
methods and equipment to initiate a reactor scram. A functional equipment arrangement is shown
in Figure 7.2-1.

Sensor Channels: Equipment within a sensor channel consists of sensors (transducers or
switches), a Digital Trip Module (DTM), and multiplexers. The sensors within each channel detect
abnormal operating conditions and send analog (or discrete) output either directly to the RPS
cabinets or to the Reactor Trip and Isolation Function (RTIF) Remote Multiplexer Units (RMUs)
within the associated division of the Q-DCIS. The RMU within each division performs signal
processing including analog-to-digital conversion, then sends the digital or digitized analog output
values of the monitored variables to the DTM for trip determinations within the associated RPS
sensor channel in the same division. The DTM in each sensor channel compares individual
monitored variable values with trip setpoint values. For each variable the DTM sends a separate
trip/no trip output signal to the functional Trip Logic Units (TLU) in the four divisions of trip logic.
DTM signals sent from one division to other divisions are isolated optically using fiber-optic cables.
The DTMs and TLUs are micro-processor-based modules of the RPS.

The software associated with RPS channel trip and trip system coincident logic decisions installed
in these modules is RPS unique. The number of sensors used in the functional performance of the
RPS is shown in Table 7.2-1.

Q-DCIS equipment within a single division of sensor channels is powered from the safety-related
power source of the same division. However, different pieces of equipment are powered from
separate low-voltage DC power supplies within the panels belonging to the same division. Within a
sensor channel, the sensors themselves are components of the RPS or components of an
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interfacing system. Signal conditioning and distribution performed by the RMUs are functions of the
Q-DCIS.

Components within each of the four RPS sensor channels are separated physically and are
independent from components of other sensor channels. The RPS equipment is independent and
physically separated from other safety-related or nonsafety-related systems fulfilling the
requirements of IEEE Std. 603, Section 5.6.

Any signal communication between the RPS and other systems is through the required
safety-related isolation devices (the safety-related fiber-optic communication interface modules
[CIMs]). There are no signal inputs from other systems affecting the safety function of the RPS. The
application of this nonsafety-to-safety interface is described in Subsection 7.1.3.3. The transfer of
data between the safety-related system and nonsafety-related system is one-way.

Divisions of Trip Logic: Equipment within an RPS division of trip logic consists of TLUs, manual
switches, Bypass Units (BPUs), and Output Logic Units (OLUs).

The TLUs perform the automatic scram initiation logic checking for two-out-of-four coincidence of
trip conditions in any set of instrument channel signals coming from the four divisions of DTMs, or
when a NMS-isolated digital trip signal (voted two-out-of-four in the NMS TLU) is received. The
automatic scram initiation logic for any trip is based on the reactor operating mode switch status,
channel trip conditions, NMS trip input, and bypass conditions. Each TLU, in addition to receiving
the signals described above, also receives digital input signals from the BPU and other control
interfaces in the same division. Signals from one RPS division to another RPS division are isolated
optically using fiber-optic cables.

The various manual switches provide the operator with the means to enforce interlocks within RPS
trip logic for special operation, maintenance, testing, and system reset. The BPUs perform bypass
and interlock logic for the division of channel sensors bypass and the division of logic bypass. Each
RTIF BPU sends its divisional sensor bypass signal to the TLU of the same division and an isolated
divisional sensor bypass signal to the TLUs of the other three divisions. Each RTIF BPU sends its
divisional logic bypass signal to the OLUs of the same division and an isolated divisional logic
bypass signal to the OLUs of the other three divisions.

The OLUs perform division trip, seal-in, reset, and trip test functions. Each OLU receives bypass
inputs from the RTIF BPU and trip inputs from the TLU of the same division. Each OLU provides trip
outputs to the trip actuators.

Equipment within a division of trip logic is powered from the same division of safety-related power
source. However, different pieces of equipment are powered from separate low-voltage DC power
supplies in the same division.

Divisions of Trip Actuators: Equipment within a division of trip actuators includes load drivers for
automatic primary scram and initiation of backup scram. The RPS includes two physically separate
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and electrically independent divisions of trip actuators receiving inputs from the four divisions of the
OLU. The load drivers are isolated, solid-state, current-interrupting devices with fast response times
and are used for the primary scram actuators. The primary scram actuators are powered by 120
VAC and can tolerate the high current levels associated with Hydraulic Control Unit (HCU) scram
solenoid operation.

The operation of the load drivers is such that a trip signal on the input side creates a high
impedance current-interrupting condition on the output side. The output side of each load driver is
isolated electrically from its input signal. The load driver outputs are arranged in the primary scram
logic circuitry between the scram solenoids and scram solenoid 120 VAC power source. When in a
tripped state, the load drivers cause the scram solenoids (scram initiation) to de-energize. The load
drivers within a division interconnect with the OLU of all other divisions to form a special
arrangement (connected in series and in parallel in two separate groups) that results in
two-out-of-four scram logic. Reactor scram occurs if load drivers associated with any two or more
divisions receive trip signals from the OLUs (Refer to Figure 7.2-1).

Output contactors are used for backup scram actuators, scram-follow initiation, and scram reset
permissive actuators. When in a tripped state, the output contactors for backup scram cause the
valve solenoids to energize. The output contactors of the backup scram are arranged in a
two-out-of-four configuration similar to that described above for the primary scram load drivers.
Backup scram is separate and independent in power source and function from primary scram.

Divisions of Manual Scram Controls: Equipment within a division of manual scram controls
includes manual switches, contactors, and relays providing an alternate, diverse, manual means to
initiate a scram and backup scram. Each division's manual scram function controls the power
sources to the same division of scram logic circuitry for scram initiation and division of scram logic
circuitry for backup scram initiation.

Divisions of Scram Logic Circuitry: The two divisions of primary scram logic circuitry are
powered from independent and separate power sources. One of the two divisions of scram logic
circuitry distributes Division 1 safety-related 120 VAC power to the A solenoids of the HCUs. The
other division of scram logic circuitry distributes Division 2 safety-related 120 VAC power to the B
solenoids of the HCUs. The HCUs (including the scram pilot valves and the scram valves) are
components of the CRD System. A full scram of control rods associated with a particular HCU
occurs when both A and B solenoids of the HCU are de-energized. The arrangement of equipment
groups within the RPS from sensors to actuator loads is shown in Figure 7.2-1. The RPS interfaces
and boundaries with other systems are shown in Figure 7.2-2.

7.21.24.2 Initiating Circuits

The RPS logic initiates a reactor scram in the individual sensor channels when any one or more of
the conditions listed below exist. The system monitoring the associated process condition is found
in the system indicated in brackets. These conditions are:
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» High drywell pressure [CMS].

» Turbine stop valve (TSV) closure [RPS].

» Turbine control valve (TCV) fast closure [RPS].

* NMS-monitored SRNM and APRM conditions exceed acceptable limits [NMS].
» High reactor pressure [NBS].

* Low reactor pressure vessel (RPV) water level (Level 3) decreasing [NBS].

» High RPV water level (Level 8) increasing [NBS].

* Main steam line isolation valve (MSIV) closure (Run mode only) [NBS].

« Scram accumulator charging water header pressure - low-low [CRD].

» High suppression pool temperature [CMS].

» High condenser pressure [RPS].

* Power generation bus loss (Loss of all feedwater [FW] flow)(Run mode only) [RPS].
» High simulated thermal power (FW temperature biased) [NBS and NMS].

+ Feedwater temperature exceeding allowable simulated thermal power vs. FW temperature
domain [NBS].

* Operator-initiated manual scram [RPS].
* Reactor Mode Switch in Shutdown position [RPS].

With the exception of the NMS outputs, the MSIV closure, TSV closure and TCV fast-closure, loss
of all FW flow due to a power generation bus loss, main condenser pressure high, and manual
scram outputs, systems provide sensor outputs through the RTIF RMU.

The MSIV Closure, TSV closure and TCV fast-closure, loss of all FW flow due to a power
generation bus loss, manual scram output, and main condenser pressure high signals are provided
to the RPS through hardwired connections. The NMS trip signal is provided to the RPS through
fiber-optic cable. The systems and equipment providing trip and scram initiating inputs to the RPS
for these conditions are discussed in the following subsections.

Neutron Monitoring System

The separate and isolated NMS digital Startup Range Neutron Monitor (SRNM) trip signals, and
Average Power Range Monitor (APRM) trip signals from each of the four divisions of the NMS
equipment are provided to their divisions of RPS trip logic as shown on Figure 7.2-1.

SRNM Trip Signals: The safety-related SRNM subsystem provides trip signals to the RPS to cover
the range of plant operation from source range through startup range (more than 10% of reactor
rated power). Three SRNM conditions, monitored as a function of the NMS, comprise the SRNM
trip logic output to the RPS. These conditions are:
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* SRNM upscale (high count rate)
» Short (fast) period
* SRNM inoperative

The three trip conditions from every SRNM associated with a NMS division are combined into a
single SRNM trip signal for that division. The specific condition causing the SRNM trip output state
is identified by the NMS. The SRNM trip functions are summarized in Table 7.2-2. SRNM trip
signals are summarized in Table 7.2-3.

APRM Trip Signals: The APRM trip signals cover the range of plant operation from a few percent
of reactor rated power to greater than rated power. Three APRM conditions, monitored as a
function of the NMS, comprise the APRM trip logic output to the RPS. These conditions are:

* APRM high thermal neutron flux
» High simulated reactor thermal power
* APRM inoperative
The APRM trip functions are summarized in Table 7.2-4.

Within the safety-related APRM subsystem there is the Oscillation Power Range Monitor (OPRM)
function, which is capable of generating a trip signal in response to core thermal neutron flux
oscillation conditions, and thermal-hydraulic instability fast enough to prevent cladding thermal limit
violation and fuel damage. This OPRM trip signal is combined with the other three APRM trip
signals to form the final APRM trip signal to the RPS. The NMS also provides the RPS with a
simulated reactor thermal power signal to support the load rejection bypass algorithm.

Nuclear Boiler System

Reactor Pressure: Reactor pressure is measured by four physically separate pressure sensors
mounted on separate divisional local racks in the safety envelope within the Reactor Building (RB).
Each sensor is on a separate instrument line and is associated with a separate RPS electrical
division. Each sensor provides an analog output signal to the RTIF RMU, which digitizes and
conditions the signal before sending it to the appropriate RTIF DTM in one of the four RPS
divisional sensor channels. The four pressure sensors and associated instrument lines are
components of the NBS.

Reactor Pressure Vessel Water Level: RPV water level is measured by four physically separate
level (differential pressure) sensors mounted on separate divisional local racks in the safety
envelope within the RB. Each sensor is on a separate pair of instrument lines and is associated with
a separate RPS electrical division. Each sensor provides an analog output signal to the RTIF RMU,
which digitizes and conditions the signal before sending it to the appropriate DTM in one of the four
RPS divisional sensor channels. The four separate level sensors and associated instrument lines
are components of the NBS.
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Main Steamline Isolation Valve Closure: Each of the four Main Steam Lines (MSLs) can be
isolated by closing either its inboard or outboard isolation valve. Position (limit) switches with
contacts are mounted on both isolation valves of each MSL. These switches with contacts provide
output to the appropriate DTM or RMU in one of the four RPS divisional trip channels using
hardwired connections. On each MSL, two position switches with contacts are mounted on each
inboard isolation valve and each outboard isolation valve. Each of the two position switches with
contacts on any one MSL isolation valve is associated with a different RPS divisional sensor
channel. A reactor scram is initiated by either the inboard or outboard valve closure on two or more
of the MSLs. The eight MSIVs and the 32 position switch contacts supplied with these valves (for
RPS use) are components of the NBS.

Feedwater Temperature Biased Simulated Thermal Power: FW temperature is measured by
four separate temperature sensors mounted on each FW line in the MSL tunnel area within the RB.
Each sensor is connected to a separate channel and is associated with a separate RPS electrical
division. Each sensor provides a temperature signal to the RTIF RMU, which digitizes and
conditions the signal before sending it to the appropriate RTIF DTM. The eight temperature sensors
(four on each FW line) are components of the NBS. The RPS uses FW temperature from NBS to
develop a Simulated Thermal Power high setpoint that is a function of FW temperature.

Simulated Thermal Power Biased Feedwater Temperature: The RPS uses the Simulated
Thermal Power signal from NMS and feedwater temperature from NBS as described in the
paragraph above to generate a high/low feedwater temperature setpoint that is a function of
Simulated Thermal Power. The RPS initiates a scram when the FW temperature further departs
from the area allowed by the thermal power vs. FW temperature domain.

Control Rod Drive System

Locally mounted pressure sensors measure the scram accumulator charging water header
pressure at four physically separate locations. Each sensor is associated with a separate RPS
division and is on a separate instrument line. Each sensor provides an analog output signal to the
RMU, which digitizes and conditions the signal before sending it to the appropriate DTM (in one of
the four RPS divisional trip channels). The four pressure sensors and associated instrument lines
are components of the CRD System. This is an anticipatory scram because it initiates a scram
before the scram accumulators have time to depressurize.

Reactor Protection System

Turbine Stop Valve Closure: TSV closure is detected by separate valve stem position switches on
each of the four valves. Each position switch provides an open/close contact output signal through
hardwired connections to the DTM in one of the four RPS divisional trip channels. The TSV closure
trip occurs in each division of trip logic when any two or more position switches detect the TSV
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closure. The TSVs are components of the main turbine. The position switches are components of
the RPS.

Turbine Control Valve Fast Closure: Low oil pressure in the hydraulic trip system, which is
indicative of TCV fast-closure, is detected by separate pressure sensors on each of the four TCV
hydraulic mechanisms. Each pressure sensor provides a 4 - 20 mA signal through hardwired
connections to the DTM in each of the four RPS divisional trip channels. The TCV closure trip
occurs in each division of trip logic when any two or more sensor channels detect low oil pressure in
the hydraulic trip system. The TCV hydraulic mechanisms are components of the main turbine. The
pressure sensors are components of the RPS.

Turbine Bypass Valve Position: The Turbine Bypass Valves (TBV) provide position limit switch
inputs to the RPS as a permissive to inhibit reactor trip on TSV closure or TCV fast closure if the
TBVs open to their 10% position within a defined period of time. One switch with four sets of
contacts is mounted on each valve. Each contact is associated with one of the four RPS divisions to
permit two-out-of-four logic. The position switches are components of the RPS.

High Condenser Pressure: High condenser pressure is detected by separate pressure sensors
mounted on the main condenser. Each pressure sensor provides an analog output signal through
hardwired connections to the DTM in each of the four RPS divisional trip channels. The pressure
sensors are components of the RPS. The reactor scram at high condenser pressure shuts off
steam flow to the main condenser and protects the main turbine. This is an anticipatory scram in
that high condenser pressure also trips the main turbine and prevents TBV operation.

Power Generation Bus Loss (Loss of All Feedwater Flow Event): The plant electrical system
has four power generation buses operating at 13.8 kV. Although all four buses are normally
energized, the loads on these buses are arranged such that any three of the four buses can support
the necessary FW pumps required for power generation. Specifically, these buses supply power for
the FW pumps and circulating water pumps. In the Run mode at least three of the four buses must
be powered.

If the sensor (one per division) on each bus detects a low voltage, indicating that less than three
buses are operating, the two-out-of-four logic initiates a scram after a preset delay time. This delay
time (less than one second) is to allow the auto transfer from the Unit Auxiliary Transformer (UAT)
feed to the Reserve Auxiliary Transformer (RAT) feed to restore normal bus voltages. Loss of more
than one power generation bus is indicative of loss of the FW pumps and flow. It is also indicative of
loss of condenser vacuum from the loss of the circulating water pumps.

This is an anticipatory scram on loss of the power generation buses to mitigate the RPV water level
drop to Level 1 following the loss of FW pump function. This scram terminates additional steam
production within the RPV before Level 3 is reached.

Manual Scram: Two manual scram switches and the Reactor Mode Switch provide diverse means
to initiate manually a reactor scram independent of conditions within the sensor channels, divisions
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of trip logic, and trip actuators. When the Reactor Mode Switch is placed in the shutdown position,
power to the circuits affected by each manual scram pushbutton is interrupted resulting in a full
scram. Each of the manual scram switches is associated with one of the two divisions of actuator
load power. Both manual scram switches have to be actuated simultaneously to result in a full
manual scram. Because the non-software-based manual scram capability of the RPS system
operates directly on the scram solenoid power, only Divisions 1 and 2 are involved. If either of those
two divisions is out of service (including maintenance), a half-scram results; depressing the other
division manual scram pushbutton then results in a full scram. If either of the two divisions is out of
service for non-power issues the manual scram capability remains unaffected. The operability of
Divisions 3 and 4 has no effect on the RPS manual scram capability.

Manual scram switches also are provided in the Remote Shutdown System (RSS) panels to
achieve hot shutdown for the reactor from outside the MCR. There is a separate manual switch in
each of the four divisions providing a means to manually trip all actuators in that division. An
alternative manual scram can be accomplished by activating any two (or more) of the four manual
divisional trip switches.

Reset Logic: A reset switch is provided to reset the manual scram in both (1 and 2) divisions of
manual scram controls. A separate manual switch associated with each division of trip actuators
provides the means to reset the seal-in at the input of all trip actuators in the same division. The
reset does not have any effect if the conditions that caused the division trip have not cleared when
a reset is attempted. All manual resets are automatically inhibited for 10 seconds to allow sufficient
time for scram completion. The switch used to reset the manual scram circuitry permits resetting of
the several scram groups in sequence, so re-energization of only one-half of the scram solenoids is
performed at one time.

After a full scram the scram accumulator charging water header pressure drops below the trip
setpoint, resulting in a trip initiating input to all four divisions of trip logic. While this condition exists,
the four divisions of trip logic cannot be reset until the scram accumulator charging water header
pressure trip is manually bypassed in all four divisions, and all other trip-initiating conditions have
been cleared.

Containment Monitoring System

Drywell Pressure: Containment (drywell) pressure is measured at four physically separate
locations by pressure sensors located on separate divisional local racks in the safety envelope
within the RB. Each sensor is on a separate instrument line and is associated with a separate RPS
electrical division. Each sensor provides an analog output signal to the RMU, which digitizes and
conditions the signal before sending it to the appropriate DTM in the four RPS divisional trip
channels. The four pressure sensors and associated instrument lines are components of the CMS.

Suppression Pool Temperature: Four channels of safety-related divisional suppression pool
temperature signals, each formed by the average value of a group of 16 thermocouples installed
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uniformly (both vertically and azimuthally) inside the suppression pool, provide the suppression
pool temperature data for automatic scram initiation. For the suppression pool temperature high
signal to be considered valid, 12 of the 16 assigned thermocouples are required to be operable.
When the established limits of high temperature are exceeded in two of the four divisions, scram
initiation is generated.

Each temperature sensor provides an analog output signal to the RMU, which digitizes and
conditions the signal before sending it to the appropriate DTM. The temperature sensors and
associated instrument lines are components of the CMS. The suppression pool water level signals
also are provided. When water level drops below any of the temperature sensors, the exposed
sensors are logically bypassed, so only the sensors below water level are used to determine the
averaged temperature signal to the RPS.

7.21.243 Reactor Protection System Outputs to Interfacing Systems

Scram Signals to the CRD System: Reactor trip conditions existing in any two or more of the four
RPS automatic trip channels or in both RPS manual trip channels cause power to the output circuits
of the RPS (normally supplying power to the solenoids of the scram pilot valves of the CRD system)
to be disconnected, resulting in insertion of all control rods and reactor shutdown.

When the scram pilot valve solenoids are disconnected from power by the RPS trip signals, the two
backup scram valves of the CRD system are actuated by the RPS trip signals to exhaust the air
from the scram air header, resulting in backup scram action.

RPS Status Outputs to the NMS: Two types of RPS status condition signals (four combined
signals each, one per division) are provided to the NMS by the RPS. Isolated output signals,
indicating that the Reactor Mode Switch is in the Run position, are provided to the four divisions of
the NMS whenever the mode switch is in that position. These signals are used by the NMS to
bypass the NMS SRNM alarm and trip function, whenever the Reactor Mode Switch is in the Run
position.

Scram Follow Signals to the RC&IS: Upon the occurrence of any full reactor scram condition the
RPS provides isolated output signals to the RC&IS. This enables automatic rod run-in
(scram-follow) logic in the RC&IS to cause full insertion (or "run-in") of the fine motion control rod
drives subsequent to scram. The RPS also provides the RC&IS with both scram test switch status,
indicating the start of a rod pair scram test and the position of the Reactor Mode Switch.

Rod Block Signals to the RC&IS: Rod withdrawal inhibit signals (one for each channel) are
provided by the RPS via isolated output signals sent to the RC&IS whenever there is a "Scram
Accumulator Charging Water Header Pressure - Low" trip signal or when any scram accumulator
charging water header pressure trip bypass switch is in the Bypass position.

Outputs to the LD&IS: The Reactor Mode Switch status signals from each division are provided to
the LD&IS for RCPB isolation function. The RPS also provides an interlock to the LD&IS for
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bypassing the MSIV isolation (when the Reactor Mode Switch is not in the Run position) that
otherwise would result from high main condenser vacuum-pressure or low inlet-pressure to the
turbine during startup and shutdown.

Outputs to Main Control Room Panels:
Safety-related status and alarm signals are sent from the RPS to the MCR console.

Displays: Instrument channel sensor checks are capable of being performed at the MCR console.
Comparison between channels for the same process variable can be monitored and cross channel
consistency can be verified. The minimum set of signals included in displays related to RPS scram
variables are:

» Reactor vessel pressure

* RPV water levels

» Containment drywell pressures

» Scram accumulator charging water header pressures
» Suppression pool (local or bulk) temperatures
* Power generation bus voltages

* FW temperature

* TSV position

» Hydraulic Trip System oil pressure

* MSIV position

* Main condenser pressure

* NMS outputs

The values of all scram parameters are continuously sent through the required safety-related
isolation to the N-DCIS where displays of the scram parameters from all divisions are integrated to
allow comparison between divisions. Additionally, the PCF and alarm systems alarm if any
divisional parameter value differs from the value in the other three divisions by more than a
predetermined amount. The intent is that channel sensor checks be performed continuously.

Alarms: Alarms are provided at the MCR console by the trip condition of any of the four sensor trip
channels, by the trip condition of each automatic or manual trip system, and when bypassing a
scram function. The alarm function is provided through the required safety-related isolation to the
PCF.

The provided alarms / indications related to RPS status are:
* RPS NMS trip (generated in NMS).

» Reactor vessel pressure high.
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RPV water level low (< Level 3).

RPV water level high (= Level 8).

Containment (drywell) pressure high.

MSIV closure trip.

TSV closure.

TCV fast closure.

Main condenser pressure high.

Power generation bus loss (loss of all FW flow).

FW temperature biased Simulated Thermal Power Trip (STPT).

Scram accumulator charging water header pressure - low.

Suppression pool temperature high.

RPS divisional automatic trip (auto-scram) (each of the four: Div. 1, 2, 3, 4 automatic trip).
RPS divisional manual trip (each of the four: Div. 1, 2, 3, 4 manual trip).
Manual scram trip (two: both Manual A and Manual B).

Reactor Mode Switch in Shutdown position.

Shutdown mode trip bypassed.

Non-coincident NMS trip mode in effect (in NMS).

NMS trip mode selection switch still in non-coincident position, with Reactor Mode Switch in
Run position (in NMS).

Division in which channel A (B, C, or D) sensors are bypassed (four).

Trip conditions in Channel A (B, C, or D) and Channel A (B, C, or D) sensors bypassed (four).
Division 1 (2, 3, or 4) TLU out-of-service bypass (four).

Scram accumulator charging water header pressure - low-low trip bypass.

Any scram accumulator charging water header pressure trip with bypass switch still in bypass
position and the Reactor Mode Switch in Startup or Run mode.

Auto-scram test switch in test mode (manual trip of automatic logic) (four).

TSV closure trip bypassed.

TCV fast closure trip bypassed.

MSIV closure trip bypassed.

NMS SRNM trip bypassed with the Reactor Mode Switch in Run position.
Non-coincident NMS trip bypassed with the Reactor Mode Switch in Run position.
RPV water level high trip bypassed.
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» Condenser pressure high trip bypassed.
* FW temperature biased STPT bypassed.
» Special MSIV operation bypassed.

* Power generation bus loss trip bypassed.

The above RPS displays and alarms meet the information display requirements of IEEE Std. 603,
Section 5.8.

Outputs to Nonsafety-Related DCIS (Plant Computer Functions): The PCF maintains logs of
the tripped, bypassed, and reset conditions of the RPS instrument channels, divisions of logic,
divisions of trip actuators, and scram logic circuitry as well as tripped and reset conditions of RPS
automatic and manual trip systems from the RPS through the required safety-related isolation to the
N-DCIS. For conditions causing reactor trip the N-DCIS identifies the specific trip variable, the
affected divisional channel identity, and the specific automatic or manual trip system. These signals
also are provided to the sequence of events function of the PCF.

Outputs to the Isolation Condenser System: Reactor Mode Switch status (that is, Run/Not Run
indications) from the four divisions is provided by the RPS to the ICS to be used as automatic
operation signal permissives or inhibits. Automatic operation signal permissives are generated
whenever the Reactor Mode Switch is placed in the Run position, and automatic operation signal
inhibits are generated whenever the Reactor Mode Switch is placed in any of its remaining three
positions.

Outputs to the Plant Automation System: The RPS provides the PAS with separate signals to
indicate the position of the Reactor Mode Switch. The RPS also provides the auto scram signal
from the OLU to the PAS.

Uninterruptible AC Power Supply: The AC electric power required by the four divisions of RPS
logic is delivered from four pairs of physically separate and electrically independent uninterruptible
safety-related 120 VAC buses. The power circuits of the "A" and "B" solenoids of the scram pilot
valves are powered from two of the four divisional pairs of 120 VAC UPS.

721244 System Logic Architecture and Redundancy

The basic system architecture of the RPS ensures reliable processing of sensed plant variables by
employing four independent trip logic systems in four separate divisions of safety-related protection
equipment. Figure 7.2-1 illustrates the basic RPS functional arrangement.

Each divisional trip system processes the trip decisions of plant sensor inputs from the four
divisions using two-out-of-four coincidence to confirm the final trip state for each variable in each
division. Automatic reactor trip outputs from each system to the final actuators are also confirmed
by two-out-of-four coincidence of division trip outputs. A separate and diverse manual trip method is
provided in the form of two independent manual trip channels. Actuation of both manual trip
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systems is required for a full reactor scram. Availability is enhanced because any one division can
be bypassed at one time to allow on-line repair without degrading operability. This satisfies the
repair requirement of IEEE Std. 603, Section 5.10 while maintaining plant availability.

The RPS consists of four redundant divisions identical in design and independent in operation.
Although each division constitutes a separate trip system, normally each division can make
two-out-of-four trip decisions with or without a division of sensors being bypassed. There are four
instrument channels provided for each process variable being monitored, one for each RPS
division. Four sensors, one per division, are provided for each variable. When more than four
sensors are required to monitor a variable the outputs of the sensors are combined into only four
instrument channels. The logic in each division does not depend on absolute time of day and is
asynchronous with respect to the other divisions. No division depends on the correct operation of
another division. There is no combination of MCR-initiated bypasses that can unacceptably
degrade the RPS.

Figures 7.2-1, 7.2-11a, and 7.2-11b provide a more detailed view of the RPS configuration and
communication paths.

The RPS is implemented with two communication methodologies: "point-to-point" optical fiber
inter-divisional communication and a shared memory data communication ring network.
Point-to-point communication is limited to trip and bypass information and any necessary message
authentication. Point-to-point fiber is also used for TLU to OLU, RPS to NMS and RPS to
SSLC/ESF communication. Since the RPS is "fail safe" the loss of any communication or fiber will
be interpreted as a trip. The other communication methodology uses a shared memory data
communication ring network that extends between the various RPS system chassis. The data
communication processors of each chassis ("nodes") connected to the data communication ring
can read the entire shared memory on the communications (CIM) card and write only to a
designated portion of the CIM card. The data on the data communication ring are actively
transported between one chassis transmitter and another's receiver until all nodes have been
updated. To increase reliability, another data communication ring (forming a counter-rotating data
communication ring) is provided with the data going in the opposite direction. This scheme allows
both data communication rings to be broken between two nodes and all data still get to all nodes;
no single failure will prevent data transmission.

There are two "counter rotating" data communication rings within each division of RTIF. The upper
data communication ring on Figure 7.2-11a interconnects the RMU, DTM, TLU and RTIF-NMS
Q-CIM which are the only chassis needed to support the RTIF safety functions. This is the
(redundant) path by which the RMUs transfer data to the DTMs and, in turn to the TLUs as
described above. Note that the BPU is not on the shared memory data communication ring
because the BPU is implemented in hardware logic.
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There is a second redundant data communication ring that interconnects the above chassis and
additionally nonsafety-related "operator" and "maintenance" VDUs in the RTIF and RMU cabinets
and on the safety surveillance panel in the MCR (the safety-related function of this VDU is Seismic
Category Il). Additionally on this data communication ring are two nonsafety-related N-CIMs (RTIF
N-CIM A and RTIF N-CIM B), each of which has access to the equivalent data communication rings
of the other three divisions, and therefore all RTIF divisional data.

The VDUs may be used at any time to monitor RTIF signals and internal diagnostics; however, they
cannot input to any of the RTIF chassis for calibration or maintenance purposes unless the chassis
or RTIF division has been made inoperable by a keylock switch. Inoperable corresponds to a trip
unless the division has been bypassed. The inoperable status is indicated.

7.2.1.3  Safety Evaluation

Table 7.1-1 identifies the RPS and the associated codes and standards applied, in accordance with
the Standard Review Plan (NUREG-0800). This subsection addresses I&C systems conformance
to regulatory requirements, guidelines, and industry standards.

7.2.1.3.1 Code of Federal Regulations
10 CFR 50.34(f)(2)(iii)[.D.1], Human factors engineering principles applied to control room design:

» Conformance: The RPS design conforms to these requirements.
10 CFR 50.34(f)(2)(v) [I1.D.3], Bypass and operable automatic status indication of safety systems:
» Conformance: The RPS design conforms to these requirements.

10 CFR 50.34(f)(2)(xxi)[11.K.1.22], Auxiliary heat removal systems functional requirements under
conditions when main feedwater system is not operable:

* Conformance: The RPS conforms to these requirements.

10 CFR 50.34(f)(2)(xxiii)[ll.K.2.10], Anticipatory reactor protection system trip requirements under
conditions of loss of main feedwater and on turbine trip:

» Conformance: The RPS conforms to these requirements. The reactor will trip in response to a
Loss of All Feedwater Flow Event. This is an anticipatory trip actuated on a power generation
bus loss event. The reactor will also trip on a turbine trip only if an insufficient number of bypass
valves opens within a prescribed time period.

10 CFR 50.43(e), Innovative means of accomplishing safety functions:

» Conformance: When innovative means are used in the I&C design it complies with 10 CFR
50.43(e).

10 CFR 50.49, Environmental qualification of electric equipment important to safety for nuclear
power plants:

7-159 Revision 0
October 2015



Fermi 3
Updated Final Safety Analysis Report

» Conformance: The RPS conforms to these requirements. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

10 CFR 50.55a(a)(1), Quality standards for systems important to safety:

» Conformance: The RPS conforms to these standards.

10 CFR 50.55a(h), Protection and safety systems compliance with IEEE Std. 603:

» Conformance: The RPS conforms to IEEE Std. 603. Conformance information is found in
Subsections 7.1.6.6.1.1 through 7.1.6.6.1.27. Additional information concerning how the RPS
conforms to IEEE Std. 603 is discussed below.

IEEE Std. 603, Section 4.2 (Safety-related Functions): See Subsection 7.2.1.1.

IEEE Std. 603, Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive
conditions for operating bypasses are discussed in Subsections 7.2.1.1, 7.2.1.2.4, and
7.2.1.5.21.

IEEE Std. 603, Section 4.6 (Spatially Dependent Variables): Spatial dependency of
monitored variables is not applicable to the RPS.

IEEE Std. 603, Section 5.2 (Completion of Protective Actions): See Subsections 7.2.1.1
and 7.2.1.3.4.

IEEE Std. 603, Section 5.7 (Capability for Test and Calibration): Subsections 7.2.1.4.1
and 7.2.1.4.2 describe testing of the RPS. Additional information can be found in
Subsections 7.2.1.3.4, 7.2.1.5.2.2, and 7.2.1.5.11.

IEEE Std. 603, Sections 6.2 and 7.2 (Manual Control): See Subsections 7.2.1.1 and
7.2.1.3.4 for discussion of RPS manual control.

IEEE Std. 603, Section 6.4 (Derivation of System Inputs): The two RPS sensing inputs
that are not direct measures of the variables are the RPV water level and the loss of
feedwater flow in the RPS scram logics. The RPV water level is measured by the
differential pressure derived from the sensing line with a reference point. This method is
a proven technology in boiling water reactor (BWR) applications. The loss of the
feedwater flow variable is represented by the loss of the power generation bus signal.
When the power to the feedwater pump motor is lost, the feedwater flow is also
immediately lost. The use of loss of power generation bus signals to represent the loss
of feedwater flow signal meets the requirements of the safety-related analysis of
Chapter 15, because it is the only credible way that all feedwater flow can be lost.

IEEE Std. 603, Section 6.5 (Capability of Test and Calibration): Subsections 7.1.2.1.4.1
and 7.2.1.4.2 describe testing of the RPS. Additional information can be found in
Subsections 7.2.1.3.4, 7.2.1.5.2.2, and 7.2.1.5.11.
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- |EEE Std. 603, Sections 6.6 and 7.4 (Operating Bypasses): Operating bypasses for the
RPS are described in Subsections 7.2.1.2.4.1 and 7.2.1.5.2.1.

- |EEE Std. 603, Sections 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses
for the RPS are described in Subsections 7.2.1.2.4 and 7.2.1.5.2.2.

- |EEE Std. 603, Section 8.2 (Non-Electrical Power Sources): Non-Electrical power
sources for the RPS are not applicable beyond that discussed in
Subsection 7.1.6.6.1.26.

- |EEE Std. 603, Section 8.3 (Maintenance Bypasses): Maintenance bypasses for the
RPS are not applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 50.63, Loss of all alternating current power:
» Conformance: The RPS conforms to these requirements.
10 CFR 52.47, Contents of applications; technical information, level of design information:

» Conformance: The level of detail provided for the RPS within the DCD conforms to this
requirement.

10 CFR 52.47(a)(21), Resolution of unresolved and generic (medium- and high-priority) safety
issues identified in NUREG-0933:

» Conformance: Resolution of unresolved and generic safety issues is discussed in Section 1.11.

10 CFR 52.47(a)(25), Interface requirements for portions of the plant not within scope of certified
design application:

+ Conformance: There are no interface requirements for this section.
10 CFR 52.47(b)(1), ITAAC in design certification application:

+ Conformance: ITAAC are provided for Instrumentation and Control (1&C) systems and
equipment in Tier 1.

10 CFR 52.47(c)(2), Innovative means to accomplish safety function design completeness
requirements per 10 CFR 50.43(e):

» Conformance: The 1&C design may use innovative means for accomplishing safety functions.

7.2.1.3.2 General Design Criteria
GDC 1, 2,4,10, 12, 13, 19, 20, 21, 22, 23, 24, 25, 26, 27 and 29:

* Conformance: The RPS design conforms to these GDC.
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7.2.1.3.3 Staff Requirements Memoranda
SRM on Item 11.Q of SECY-93-087:

+ Conformance: The Reactor Trip (Protection) System design conforms to ltem 11.Q of
SECY-93-087 (NRC Branch Technical Position [BTP HICB-19]) by the implementation of an
additional Diverse Instrumentation and Control System described in Section 7.8.

7.2.1.3.4 Regulatory Guides

RG 1.22, Periodic Testing of Protection System Actuation Functions - This includes conformance to
BTP HICB-8:

+ Conformance: The system is capable of being tested, from sensor device to final actuator
device, during plant operation. The tests must be performed in overlapping stages so an actual
reactor scram would not occur as a result of the testing.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:

» Conformance: Automatic indication that a system is out of service is provided in the MCR.
Indicators show which part of a system is not operable and which division is bypassed.
Annunciator test switches are provided in the MCR.

Individual indicators are arranged together in the MCR to indicate which function of the system
is out of service, bypassed, or otherwise inoperable. These automatic indicators remain
available, and cannot be cleared until the function is operable.

A manual switch or pushbutton is provided for manual bypass actuation, which annunciates
out-of-service conditions.

These display provisions serve to supplement administrative controls and aid the operator in
assessing the availability of component and system-level protective actions. These displays do
not perform a safety-related function.

System out-of-service alarm circuits are electrically isolated from the plant safety-related
systems to prevent adverse effects.

Equipment associated with the display is tested.
RG 1.53, Application of the Single Failure Criterion to Safety Systems:

+ Conformance: The RPS is organized into four physically and electrically-isolated divisions that
use the principles of independence and redundancy for the single failure criterion as defined by
IEEE Std. 379, Section 4, and IEEE Std. 603, Section 5.1; additionally, the design meets N-2
conditions. Analyses complying with IEEE Std. 379 will be used to confirm the safety-related
system design conformance to the single failure criterion.
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RG 1.62, Manual Initiation of Protective Actions:

+ Conformance: Means are provided for manual initiation of reactor scram through the use of two
control switches and the Reactor Mode Switch. Reactor scram is accomplished by operation of
both pushbutton switches, or by placing the Reactor Mode Switch in the Shutdown position.
These controls are located on the MCR console.

The common equipment required for initiation of both manual scram and automatic scram is
limited to actuator load power sources, actuator loads, and cabling between the two. There is no
shared trip or scram logic equipment for manual scram and automatic scram. No single failure
in the manual, automatic, or common portions of the protection system would prevent initiation
of reactor scram by manual or automatic means.

Manual initiation of reactor scram always goes to completion as required by IEEE Std. 603,
Section 5.2.

RG 1.75, Criteria for Independence of Electrical Safety Systems:

» Conformance: The RPS design complies with the criteria set forth in IEEE Std. 603, Section 5.6,
and RG 1.75. Safety-related circuits and safety-related associated circuits are identified and
separated from redundant and nonsafety-related circuits. Isolation devices are provided where
an interface exists between redundant safety-related divisions and between safety-related or
safety-related associated circuits and nonsafety-related circuits. See Subsection 8.3.1.4.1 for
RPS separation requirements.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for Nuclear
Power Plants:

» Conformance: The RPS design conforms to RG 1.89. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

* Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited for RG 1.97
compliance are determined as part of the HFE development process as discussed in
Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power Plants:

» Conformance: The RPS design conforms to RG 1.100. See Sections 3.9 (Mechanical Systems
and Components) and 3.10 (Seismic and Dynamic Qualification of Mechanical and Electrical
Equipment).

RG 1.105, Setpoints for Safety-Related Instrumentation:

» Conformance: The RPS initiation setpoints are consistent with this guide. Reference 7.2-1
provides a detailed description of the GEH setpoint methodology.
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RG 1.118, Periodic Testing of Electric Power and Protection Systems:

+ Conformance: Periodic testing of the protection systems is performed in accordance with IEEE
Std. 338, as modified by RG 1.118. The RPS is designed so its individual elements can
periodically and independently be tested to demonstrate system reliability is being maintained.
Safety-related RPS equipment allows for inspection and testing during periodic shutdowns and
refueling.

RG 1.151, Instrument Sensing Lines:

» Conformance: NBS provides the measurement inputs to RPS. The NBS instrument sensing
lines conform to the guidelines of RG 1.151 and ISA-67.02.01. Flow restrictors are provided
inside containment on instrument lines connected to the RCPB. Manual isolation valves and
self-actuating excess flow check valves are provided outside the drywell. The mechanical
design guidelines as defined by ISA-67.02.01 and RG 1.151 are met as applicable for each
installation.

RG 1.152, Criteria for Use of Computers in Safety Systems of Nuclear Power Plants:

* Conformance: The RPS design complies with RG 1.152. The hardware and software for the
RPS function and other safety-related systems are developed in compliance with RG 1.152,
which endorses |IEEE Std. 7-4.3.2. The structured development plan for the RPS includes
conformance to all software standards referenced in IEEE Std. 7-4.3.2. Hardware and software
are integrated into a final assembly validated by testing against input requirements.

RG 1.153, Criteria for Safety Systems:

» Conformance: The RPS is designed to satisfy the requirements of IEEE Std. 603, as endorsed
by RG 1.153.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

+ Conformance: The RPS design conforms to RG 1.168 as implemented on the RTIF platform.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

» Conformance: The RPS design conforms to RG 1.169 as implemented on the RTIF platform.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

» Conformance: The RPS design conforms to RG 1.170 as implemented on the RTIF platform.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of Nuclear
Power Plants:
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» Conformance: The RPS design conforms to RG 1.171 as implemented on the RTIF platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

» Conformance: The RPS design conforms to RG 1.172 as implemented on the RTIF platform.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

» Conformance: The RPS design conforms to RG 1.173 as implemented on the RTIF platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

» Conformance: The RPS design conforms to RG 1.180. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
+ Conformance: The RPS design conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

+ Conformance: The RPS design conforms to RG 1.209. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

7.2.1.3.5 Branch Technical Positions
BTP HICB-8, Guidance for Application of Regulatory Guide 1.22:

* Conformance: The RPS design conforms to BTP HICB-8.
BTP HICB-9, Guidance on Requirements for Reactor Protection System Anticipatory Trips:

» Conformance: Hardware used to provide trip signals in the RPS is designed in accordance with
IEEE Std. 603, Section 5.4 and is considered safety-related and meets the design requirements
of BTP HICB-9.

BTP HICB-10, Guidance on Application of Regulatory Guide 1.97:

* Conformance: The ESBWR I1&C conforms to RG 1.97. Specific instruments credited for RG 1.97
compliance are determined as part of the HFE development process as discussed in
Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:

» Conformance: The RPS design conforms to this position. The RPS logics use safety-related
fiber-optic CIMs and fiber-optic cables for interconnections between safety-related divisions for
data exchange and for interconnections between safety-related and nonsafety-related devices.
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Certain diverse and hardwired portions of RPS may use coil-to-contact isolation of relays or
contactors. This is acceptable according to BTP HICB-11 when the application is analyzed or
tested per the guidelines of RG 1.75 and RG 1.153.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:

» Conformance: The RPS design conforms to BTP HICB-12. The nominal setpoints are
calculated based on the GEH instrument setpoint methodology (Reference 7.2-1). The
setpoints are established based on instrument accuracy, calibration capability, and estimated
design drift allowance data, and are within the instrument best accuracy range.

The digital RPS trip setpoints do not drift and any changes are reported to the N-DCIS as
alarms. The analog-to-digital converters are self-calibrating, and the RPS uses self-diagnostics,
all of which are reported to the N-DCIS through the required safety-related isolation. It is
expected that all of the variability in the parameter channel will be attributable to the field sensor.
The established setpoints provide margin to fulfill both safety requirements and plant availability
objectives.

BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based Instrumentation and
Control Systems:

» Conformance: Development of software for the safety-related system functions within RPS
conforms to the guidance of BTP HICB-14. Discussion of software development is included in
the LTRs “ESBWR - Software Management Program Manual,” (Reference 7.2-3) and "ESBWR
- Software Quality Assurance Program Manual" (Reference 7.2-4). Safety-related software (to
be embedded in the memory of the RPS logics) is developed according to a structured plan as
described in References 7.2-3 and 7.2-4. These plans follow the software life cycle process
described in BTP HICB-14.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications Under
10 CFR Part 52:

» Conformance: The level of detail in the RPS section content conforms to BTP HICB-16.
BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:

* Conformance: The RPS logics conform to BTP HICB-17. Discussions on self-test and
surveillance tests of RPS are provided in Subsection 7.2.1.4.

BTP HICB-18, Guidance on the Use of Programmable Logic Controllers in Digital Computer-Based
Instrumentation and Control Systems:

+ Conformance: Q-DCIS hardware, embedded and operating system software, and peripheral
components conform to the guidance of BTP HICB-18. The Q-DCIS is built and qualified
specifically for ESBWR applications as safety-related and not as commercial grade
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programmable logic controllers (PLCs). The embedded and operating system software meet
the acceptance criteria contained in BTP HICB-14, for safety-related applications.

BTP HICB-19, Guidance for Evaluation of Defense-in-Depth and Diversity in Digital
Computer-Based Instrumentation and Control Systems (Iltem [1.Q of SECY-93-087):

» Conformance: The Reactor Trip (Protection) System designs conform to BTP HICB-19 by
implementation of an additional diverse instrumentation and control (1&C) system described in
Section 7.8 as the DPS.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance:

» Conformance: The real-time performance of RPS in meeting the requirements for safety-related
system trip and initiation response conforms to BTP HICB-21. The real-time performance of the
safety-related control system is deterministic based on the Q-DCIS internal and external
communication system design and the RPS logic design. Timing signals are neither exchanged
between divisions of independent equipment nor between logics within a division.

7.2.1.3.6 Three Mile Island Action Plan Requirements

In accordance with the SRP for Chapter 7 and with Table 7.1-1, 10 CFR 50.34(f)(2)(v)[I.D.3] and 10
CFR 50.34(f)(2)(xxiii)[11.K.2.10] apply to the RPS and are addressed in Subsection 7.2.1.3.1. TMI
action plan requirements are generically addressed in Table 1A-1 of Appendix 1A.

7.2.1.4  Testing and Inspection Requirements

7.2.1.4.1 System Testing: Operational Verifiability

The RPS is designed so its individual operating elements are tested periodically and independently
to demonstrate that RPS reliability is maintained.

The RPS design and the design of other systems providing RPS with instrument channel inputs
permit verification of the operational availability of each input sensor even during reactor operation.
Channel checks are continuously performed by the PCF. The instrument channels are calibrated
periodically and adjusted to verify that the necessary precision and accuracy are being maintained.
Such periodic checking and testing during plant operation is possible without loss of scram
capability and without causing an inadvertent scram.

Safety-related sensors are designed with the capability for test and calibration during reactor
operation, with the following two exceptions in the RPS:

* MSIV limit switches
« TSV limit switches

These limit switches are not accessible during reactor operation. While they are tested/checked for
operability during reactor operation, they cannot be calibrated until the reactor is shutdown.
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Safety-related RPS equipment is designed to allow inspection and testing during periodic
shutdowns of the nuclear reactor, including refueling.

7.2.1.4.2 Surveillance Testing and In-Service Testing
The RPS equipment testing includes:

* Preoperational, startup and refueling/outage inspection testing
* In-service and operational surveillance testing

The RPS is designed to permit testing of an emergency reactor shutdown by methods simulating
actual plant operation and duplicating, as closely as possible, the performance of protective actions
even during reactor operation. These test methods support in-service verification of scram
capability with high reliability. The RPS components and testing strategies are designed so that
identifiable failures are detectable. Test methods are designed to facilitate recognition and location
of malfunctioning components to allow for replacement, adjustment, or repair.

In-service testing of the RPS is performed periodically to verify operability during normal plant
operation and to ensure that each tested channel can perform its intended design function. The
surveillance tests include: (a) instrument channel checks, (b) functional tests, (c) verification of
proper sensor and channel calibration, (d) verification of applicable functions in the division of trip
logic and division of actuators, and (e) response time tests.

7.2.1.5 Instrumentation and Control Requirements

7.2.1.5.1 Automatic Scram Variables

Refer to Subsection 7.2.1.2.4.2 for discussions of the automatic scram initiating circuits and the
systems that apply to them.

7.2.1.5.2 Automatic and Manual Bypass of Selected Scram Functions

7.21.5.21 Operational Bypasses

Manual or automatic bypass (take out of service) of certain scram functions permits the selection of
suitable plant protection conditions during different modes of reactor operation. These RPS
operational bypasses inhibit actuation of those scram functions not required for a specific state of
reactor operation.

The conditions of plant operation requiring automatic or manual bypass of certain reactor trip
functions are described below.

* Main steam TSV closure and steam governing TCV fast closure trip bypasses: These permit
continued reactor operation at low power levels when the TSVs or TCVs are closed. The main
steam TSV closure and the steam governing TCV fast closure scram trip functions are
automatically bypassed when the APRM simulated thermal power of the NMS is below 40% of
the rated thermal power output.
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The TSV closure and TCV fast closure trips are automatically bypassed if a sufficient number of
the bypass valves are opened. This bypass occurs if a sufficient number of TBVs open to at
least 10% within a preset time limit following the TCV fast closure or TSV closure signal to
inhibit reactor trip. The NMS system provides the RPS with an analog simulated thermal power
signal used to determine both the low power bypass and the required number of TBVs needed
to open for a post turbine trip or for full load rejection conditions. The low power bypass is
automatically removed and both scram trip functions are enabled at reactor power levels above
the bypass setpoint. The bypass permits the RPS to remain in its normal energized state under
the specified conditions. This bypass condition is indicated in the MCR.

Scram accumulator charging water header pressure - low-low bypass: This bypass is allowed
only when the Reactor Mode Switch is in either the Shutdown or Refuel position. If a bypass of
a scram trip is required for scram accumulator charging water header pressure - low-low after a
scram has occurred (indicated operational bypass), four administratively controlled trip bypass
switches in the MCR permit scram reset.

When the reactor is in the shutdown or refuel mode the scram accumulator charging water
header pressure — low-low trip can be bypassed manually in each division of trip logic by
separate, manual scram accumulator charging water header pressure trip bypass switches.
Control of this bypass is achieved through administrative means using manual bypass switches.
This bypass allows RPS reset after a scram, while scram accumulator charging water header
pressure is below the trip setpoint. The scram accumulator charging water header pressure —
low-low condition would persist until the scram valves are re-closed. Each division of trip logic
sends a separate rod withdrawal block signal to the RC&IS when this bypass exists in the
division. This operational bypass condition is indicated in the MCR.

The bypass is automatically removed whenever the Reactor Mode Switch is put in either the
Startup or Run mode, regardless of whether the scram accumulator charging water header
pressure trip bypass switches are in their bypass positions. However, a separate alarm would
result in the MCR if any of the switches were left in the bypass position when the Reactor Mode
Switch is in either the Startup or Run mode.

MSIV closure for MSIV bypass (indicated operational bypass): The scram trip for MSIV closure
is automatically bypassed in each division whenever the Reactor Mode Switch is in the
Shutdown, Refuel, or Startup position - with reactor pressure in the associated sensor channel
less than a predetermined setpoint. This bypass condition is indicated in the MCR and permits
plant operation when the MSIVs are closed during low power operation. The bypass is
automatically removed if the Reactor Mode Switch is moved to the Run position. This bypass
permits the RPS to be placed in its normal energized state for operation at low power levels with
the MSIVs either closed or not fully open.
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Special MSIV operational bypass (indicated operational bypass): Four manually-operated
bypass switches are made available in the MCR to permit the bypass of trip signals from closed
MSIVs on any one of the four main steam lines. This bypass permits continued reactor
operation at reduced reactor power and steam flow when one steam line must be isolated for a
prolonged period of time. This operational bypass is indicated in the MCR.

Power generation bus loss trip bypass (indicated operational bypass): The Power Generation
Bus Loss (Loss of All Feedwater Flow Event) scram trip function is automatically bypassed
whenever the Reactor Mode Switch is in the Shutdown, Refuel, or Startup position. This bypass
condition is indicated in the MCR and is automatically removed if the Reactor Mode Switch is
moved to the Run position.

Reactor Mode Switch in Shutdown position bypass (indicated operational bypass): The RPS
scram trip caused by the Reactor Mode Switch being placed in the Shutdown position is
automatically bypassed after a time delay of approximately 10 seconds. This operational
bypass condition permits resetting of the trip actuators and re-energization of the scram pilot
valve solenoids and is indicated in the MCR.

NMS SRNM scram trip functions with Reactor Mode Switch in the Run position bypass:
Whenever the Reactor Mode Switch is in the Run position, SRNM reactor scram trip functions
are automatically bypassed. However, this bypass is not indicated because it is the normal
condition with the Reactor Mode Switch in the Run position. This bypass condition is indicated
in the MCR. The SRNM rod block functions also are disabled when the Reactor Mode Switch is
in the Run position.

Non-coincident NMS scram trips in Run mode bypass: Whenever the Reactor Mode Switch is in
the Run position, it forces the NMS logic to the coincident mode (regardless of the
coincident/non-coincident NMS switch position). If any of the coincident/non-coincident NMS
trip switches are in the non-coincident position when the Reactor Mode Switch is in the Run
position there is an alarm in the MCR. This logic is an NMS function.

The coincident trip mode is required during reactor startup. The non-coincident NMS trip
function is required during initial fuel loading and subsequent refueling operations. During such
operations the Reactor Mode Switch is in the Refuel position (or for certain testing conditions, in
the Shutdown or Startup positions). A non-coincident NMS trip occurs in each division of trip
logic when any single SRNM trip signal is present in the NMS if the coincident/non-coincident
manual switch in the division is in the non-coincident position. This logic is an NMS function.

RPV water level high trip bypass (indicated operational bypass): The RPV water level high trip
function is automatically bypassed whenever the Reactor Mode Switch is in the Shutdown,
Refuel, or Startup position. This bypass condition is indicated in the MCR and is automatically
removed if the Reactor Mode Switch is moved to the Run position.
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» Condenser pressure high trip bypass (indicated operational bypass): The condenser pressure
high trip function is automatically bypassed whenever the Reactor Mode Switch is in the
Shutdown, Refuel, or Startup position. This bypass condition is indicated in the MCR and is
automatically removed if the Reactor Mode Switch is moved to the Run position.

» APRM, OPRM, and SRNM scram trips bypasses: These have manual bypass capabilities within
the NMS, not the RPS.

7.2.1.5.2.2 Maintenance Bypasses

Manual bypass capability is provided to allow certain portions of RPS-related equipment to be taken
out of service for maintenance, repair, or replacement. Maintenance bypasses reduce the degree of
redundancy of RPS channels but do not affect or eliminate any scram function. Protective functions
are available while any RPS equipment is in maintenance bypass. Except where indicated
otherwise, any maintenance bypass generates a status alarm at the MCR operator's console.

The following maintenance bypasses are provided:

» Detector inputs (division of sensors) bypass (indicated maintenance bypass): A manually
operated bypass switch with interlock capability (for example, a joystick-type switch) is installed
in the MCR to bypass (take out of service) the division of sensors trip of one RPS division at a
time. Once a bypass of one sensor channel has been established, bypasses of any of the
remaining three sensor channels are inhibited. Whenever a division of sensors bypass switch is
placed in the bypass position, there is an alarm in the MCR indicating the bypassed sensor
division. The effect of the division of sensors bypass is to convert the two-out-of-four trip to
two-out-of-three trip logic. A division of sensors bypass in any division bypasses all trip-initiating
input signals from the bypassed division at the DTM trip input to the TLU. Bypassing a division
of sensors allows each of the four divisions to determine a two-out-of-three trip. Loss of
communication with a bypass switch is interpreted as a "no bypass" signal.

This bypass permits any one of the safety-related RPS components of the input sensor
channels of one division to be repaired, replaced, or maintained off-line.

» TLU output (division out of service) bypass (indicated maintenance bypass): A
manually-operated bypass switch with interlock capability (for example, a joystick-type switch)
is installed in the MCR to bypass the RPS trip output logic of one RPS electrical division at a
time. This bypass is effective at the TLU trip input to the OLU and permits the RTIF TLU of the
associated division to be repaired, replaced, or maintained off-line. Loss of communication with
the bypass switch is interpreted as a "no bypass" signal.

The interlock ensures that the output signals of only one TLU (of one division) can be bypassed
at any one time. Once a bypass of one division of trip logic has been established, bypasses of
any of the remaining three division trip logics are inhibited. When a division out of service
bypass switch is placed in the bypass position, there is an alarm in the MCR indicating which
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division is out of service. With a division out of service bypass in effect, the operator still is able
manually to trip that division.

The division of sensors maintenance bypass function and the division out of service
maintenance bypass function are independent. Thus, bypassing one division of sensors (taken
out of service at the sensor channels level) and, simultaneously removing from service the
same division or any other division at the RPS trip system level is allowed. In all cases, the RPS
system remains able to trip the reactor if any two (or more) un-bypassed parameters exceed
their trip values.

7.2.1.5.3 Requirements for Manual Controls

Operator action by means of manual controls is limited to:

Initiation of scram by manual scram switches

Reactor Mode Switch operation (results in scram if placed in the Shutdown position)
Reset of automatic trip systems after trip input signals clear

Reset of manual trip systems (preferably after reset of the automatic trip systems)
Manual bypasses for conditions that are specifically permitted

Manual initiation of selected trip systems or trip actuators using trip logic test switches

7.2.1.5.4 Reactor Mode Switch

A multi-function, multi-bank, control switch placed on the MCR console provides mode selection for
the necessary interlocks associated with the various plant modes: Shutdown, Refuel, Startup, and
Run (see Chapter 16, Table 1.1-1 for mode titles and descriptions). This Reactor Mode Switch
provides both electrical and physical separation between the components associated with each of
the four separate divisions. The mode switch positions and their related bypass and trip/reset
functions are as follows.

Shutdown Position:

- Initiates a reactor scram

Enables NMS non-coincident trip function

Enables a manual scram accumulator charging water header pressure trip bypass

Enables automatic bypass of the TCV fast closure trip

Enables automatic bypass of the TSV closure trip

Enables automatic bypass of the MSIV closure trip

Enables automatic bypass of the power generation bus loss (Loss of All FW Flow) trip
Refuel Position:

- Enables NMS non-coincident trip function
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- Enables the manual scram accumulator charging water header pressure trip bypass

- Enables automatic bypass of the TCV fast closure trip

- Enables automatic bypass of the TSV closure trip

- Enables automatic bypass of the MSIV closure trip

- Enables automatic bypass of the Power Generation Bus Loss (Loss of All FW Flow) trip
» Startup Position:

- Enables NMS non-coincident trip function

- Disables the manual scram accumulator charging water header pressure trip bypass

- Enables the automatic bypass of the MSIV closure trip

- Enables automatic bypass of the TCV fast closure trip

- Enables automatic bypass of the TSV closure trip

- Enables automatic bypass of the power generation bus loss (Loss of All FW Flow) trip
* Run Position:

- Disables all trip bypasses enabled by any of the other three mode switch positions

- Bypasses NMS SRNM trips

7.2.1.5.5 Manual Scram Switches

Two manual scram switches permit initiation of a scram, independent of conditions within other
RPS equipment (sensor channels, divisions of trip logic, or divisions of trip actuators). Each manual
scram switch is associated with one of the two divisions of actuator load power. Both manual scram
switches are located on the MCR console and do not require any micro-processor functionality;
duplicate switches are included in the RSS panels.

7.2.1.5.6 Manual Divisional Trip Switches

Each of the four RPS automatic trip systems has manual trip capability provided by four divisional
trip switches located in positions easily accessible for optional use by the plant operator. Each
switch, when momentarily put into its trip position, trips the actuators that normally would be tripped
by a scram condition for that division. Momentarily operating any two of the four manual divisional
trip switches results in a full reactor scram.

7.2.1.5.7 Trip Reset Switches

Up to five trip-reset switches will reset any of the four automatic and two manual-scram trip systems
that have been tripped and sealed-in, as follows.

* One trip reset switch resets both manual trip systems. The switch circuitry staggers the
re-energization of the four groups of scram pilot valve solenoids so only two groups of "A" and
"B" solenoids are re-energized simultaneously.
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» Four separate switches comprise the trip-reset function for resetting the sealed-in, automatic
trip logic outputs in the four divisions. Thus, physical separation of the four electrical divisions is
maintained.

7.2.1.5.8 Operational Bypass Switches

Requirements for operational bypass switches for RPS safety-related functions are addressed in
Subsection 7.2.1.5.2.1. Operational bypass switches are under administrative control.

7.2.1.5.9 Reactor Mode Switch In Shutdown Position Scram Bypass Switches

Two manual control switches are used to bypass the scram signal when moving the Reactor Mode
Switch to its Shutdown position. This bypass only would be permitted during an outage condition
when the reactor already is shutdown.

7.2.1.5.10 Maintenance Bypass Switches

Requirements for RPS-related maintenance bypass switches are addressed in Subsection
7.2.1.5.2.2. The maintenance bypasses are:

» Four division of sensor maintenance bypass switches

» Four division out of service maintenance bypass switches

7.2.1.5.11 Test Switches

Test switches to aid in surveillance testing during reactor operations are provided in the RPS
design.

7.2.2 Neutron Monitoring System

The NMS monitors reactor core thermal neutron flux from the startup source range to beyond rated
power and provides trip signals initiating reactor scrams under excessive neutron flux or excessive
rates of change in neutron flux (short period) conditions.

7.2.21  System Design Bases
The subsystems comprising the NMS are:

+ Startup Range Neutron Monitor (SRNM)

+ Power Range Neutron Monitor (PRNM)

» Automatic Fixed In-Core Probe (AFIP)

* Multi-Channel Rod Block Monitor (MRBM)

The PRNM subsystem includes the Local Power Range Monitor (LPRM), APRM functions, and the
OPRM.

The SRNM and PRNM subsystems are safety-related and are discussed below. The
nonsafety-related AFIP subsystem and the MRBM are addressed in Subsection 7.7.6. The
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application of this non-safety to safety interface is described in Subsection 7.1.3.3. The CIM uses a
one-way fiber-optic communication data link and provides required safety-related isolation when
passing data from nonsafety-related systems to safety-related systems.

7.2.2.1.1 Startup Range Neutron Monitor Subsystem

722111 Trip Functions

The SRNM scram trip functions are discussed in Subsection 7.2.1.2.4.2, and rod block trip
functions are discussed in Subsection 7.7.2.2. The SRNM channels also provide trip bypass. The
trip setpoints are adjustable. The SRNM trip functions are shown in Table 7.2-2. A short period
signal (the period withdrawal permissive) inhibits continuous control rod withdrawal, thereby
avoiding a reactor scram (due to the short reactor period caused by excessive rod withdrawal).

» The trip signals provided in the SRNM design are shown in Table 7.2-3.

» SRNM trips are active only when the Reactor Mode Switch is not in the Run position. When the
NMS coincident/non-coincident switch is in the non-coincident position any one of the SRNM
can generate trips. When the Reactor Mode Switch is in the Run position, the NMS trips are
automatically put into the coincident mode and, if any of the coincident/non-coincident switches
are still in the non-coincident position, an alarm will be generated. For each division, the three
SRNM scram trip signals are combined to form a divisional SRNM trip signal that is separately
sent with the divisional APRM trip signal to the RPS.

» Trips dependent upon signal magnitude have setpoints adjustable in the instrument range.

» The SRNM internal algorithms modify the response time of the period and upscale rod blocks
and scrams as a function of count rate and power with a longer response time allowed for
initially lower flux.

» A short-period warning signal (Period Withdrawal Permissive) is provided to inhibit rod
withdrawal to avoid an inadvertent scram due to excessive rod withdrawal.

* An SRNM interlock signal "ATWS Permissive" is established and sent to the Anticipated
Transients Without Scram / Standby Liquid Control (ATWS/SLC) logic as a permissive signal to
allow the initiation of liquid boron injection by the SLC system.

» The period trip is active in the coincident and non-coincident mode.
* An instrument inoperative alarm is provided to signal that an SRNM channel is out of service.

* An SRNM channel is considered inoperative if any of the following conditions occur. Its
Calibrate-Operate switch is not in the Operate mode, and

- Any interlock in the channel is open,
- The unit self-test function detects critical failures, or

- The detector polarizing (excitation) voltage falls below a preset level.
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7.2.2.1.1.2 Safety-Related Design Bases
The general SRNM safety-related functional requirements follow.

+ The SRNM is designed as a safety-related system. The SRNM generates a high neutron flux
trip signal or a short-period trip signal used to initiate a reactor scram in time to prevent fuel
damage resulting from AOOs or infrequent events.

+ The SRNM and its preamplifier are qualified to operate under design basis accident (DBA) and
abnormal environmental conditions.

» The independence and redundancy incorporated in the SRNM functional design are consistent
with the safety-related design basis of the RPS.

» The system is designed to produce a safety-related permissive signal to the ATWS/SLC system
logic.
The SRNM is designed as a safety-related subsystem generating trip signals to prevent fuel
damage in the event of any abnormal reactivity insertion transients (while operating in the startup
power range). The trip signal results either from an excessively high neutron flux level or an
excessive rate of neutron flux increase (a short reactor period).

The setpoints of these trips are such that under the worst reactivity insertion transients fuel integrity
is protected. Under the worst bypass condition, where one SRNM from each division is bypassed,
the monitoring and protection functions still are adequately provided. The independence and
redundancy requirements are incorporated into the design of the SRNM and are consistent with the
safety-related design bases of the RPS.

7.2.21.1.3 Nonsafety-Related Design Bases

Neutron sources and neutron detectors together provide a signal count rate of at least 3 cps with
the control rods fully inserted in a cold non-irradiated core.

The SRNM is designed to perform the following nonsafety-related functions:

* Indicate measurable increases in output signals, with the maximum permitted number of SRNM
channels out of service during normal reactor startup operations.

* Provide continuous thermal neutron flux monitoring over a range of 10 decades (approximately
1 x 103 to 1.5 x 103 neutrons/cm?/sec).

* Provide continuous measurement of time rate-of-change of neutron flux (reactor period) over
the range from approximately -100 seconds to (-) infinity and (+) infinity to approximately +10
seconds.

* Generate interlock signals to block control rod withdrawal if the neutron flux is
greater-or-less-than a preset value, or if defined electronic failures occur.

* Generate rod block (inhibit control rod withdrawal) whenever the reactor period decreases
below a preset value.
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Maintain the monitoring and alarming functions of the available monitors upon the loss of a
single power bus.

7.2.2.1.2 Local Power Range Monitor

7.2.21.21 Safety-Related Design Bases
The general safety-related functional requirements are as follows.

To provide a sufficient overall number of LPRM signals to fulfill the APRM safety-related design
bases.

To design the LPRM as a safety-related system to fulfill the APRM safety-related design bases.

To qualify the LPRM to operate under design basis accidents and abnormal environmental
conditions.

The LPRM is designed to monitor the local power level and to provide a sufficient number of LPRM
signals to the APRM system to fulfill the safety-related design basis for the APRM. The LPRM itself
has no safety-related design basis. However, it is qualified to safety-related standards.

7.2.21.2.2 Nonsafety-Related Design Bases

The LPRM performs the following nonsafety-related functions.

Provides signals to the APRM that are proportional to the local neutron flux at various locations
within the reactor core.

Provides signals to alarm high or low local thermal neutron flux.

Provides signals proportional to the local neutron flux to drive indicators and displays, and for
the PCF to be used for operator evaluation of power distribution.

Provides signals proportional to the local neutron flux for use by other interface systems such
as the RC&IS for the rod block monitoring function.

7.2.2.1.3 Average Power Range Monitor

7.2.2.1.3.1 Safety-Related Design Bases
The general APRM safety-related functional requirements are as follows.

+ To design the system to safety-related standards. The general functional requirements specify

that, under the worst permitted input LPRM bypass conditions, the APRM is capable of
generating a timely trip signal in response to excessive average neutron flux increases to
prevent fuel damage. The independence and redundancy incorporated into the design of the
APRM is consistent with the safety-related design bases of the RPS.

To design the system to produce a safety-related simulated thermal power signal to the RPS to
allow that system to support reactor power scram bypass requirements.
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» To provide information for monitoring the average power level of the reactor core in the power
range. The APRM is capable of generating a timely trip signal to scram the reactor in response
to an excessive and unacceptable neutron flux increase to prevent fuel damage. Such a trip
signal includes a trip from the simulated thermal power signal, representing the APRM flux
signal through a time constant representing the actual fuel time constant. The resulting
simulated thermal power signal accurately represents core thermal (as opposed to neutron flux)
power and the heat flux through the fuel.

» To assure scram functions when the minimum LPRM input requirement to the APRM is fulfilled.
If this requirement cannot be met an inoperative channel trip signal is generated. Independence
and redundancy requirements are incorporated into the design and are consistent with the
safety-related design basis of the RPS.

7.2.21.3.2 Nonsafety-Related Design Bases
The APRM performs the following nonsafety-related functions.

* Provides continuous indication of average reactor power (neutron flux) from 1% to 125% of
rated reactor power, which overlaps with the SRNM range. Such signals are made available as
core power information to other interfacing systems.

» Provides interlock signals for blocking further rod withdrawal to avoid an unnecessary scram
actuation.

* Provides a simulated thermal power signal derived from each APRM channel, which
approximates the heat dynamic effects of the fuel.

* Provides a continuously available LPRM/APRM display for detection of any neutron flux
oscillation in the reactor core.

7.2.2.1.4 Oscillation Power Range Monitor

7.2.21.41 Safety-Related Design Bases
The general OPRM safety-related functional requirements are as follows.

» Design the OPRM to safety-related standards. The general functional requirements specify that,
under the worst permitted input LPRM bypass conditions, the OPRM is capable of generating a
timely trip signal in response to core neutron flux oscillation conditions and thermal-hydraulic
instability to prevent violation of the thermal safety limit. The independence and redundancy
incorporated into the design of the OPRM is consistent with the safety-related design bases of
the RPS.

* Provide OPRM monitoring and protection function for core-regional and core-wide neutron flux
oscillation monitoring using the LPRM signals sent to the associated APRM channel in which
the OPRM channel resides. The OPRM is capable of generating a timely trip signal to scram the
reactor in response to an excessive and unacceptable neutron flux oscillation to prevent fuel
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damage. Scram functions are ensured when the minimum LPRM input requirement to the
OPRM is fulfilled. Independence and redundancy requirements are incorporated into the design
and are consistent with the safety-related design basis of the RPS.

722142 Nonsafety-Related Design Bases

The OPRM provides core neutron flux oscillation information for the PCF and MCR display, and
alarms when the OPRM is inoperative or has an insufficient number of LPRM inputs.

7.2.2.2 System Description

The safety-related functions of the NMS consist of the SRNM and PRNM subsystems. (The LPRM,
APRM, and OPRM collectively are called the PRNM subsystem.) The nonsafety-related AFIP and
MRBM subsystems of the NMS are discussed in Subsection 7.7.6.

7.2.2.2.1 System ldentification

The purpose of the NMS is to monitor reactor power generation and, for the safety-related aspects
of the NMS, to provide trip signals to the RPS initiating a reactor scram whenever there is an
excessive neutron flux (and thermal power) level, excessive neutron flux oscillation, or excessive
rate of change in neutron flux (short period). In addition, it provides power information to the PCF
and the Automated Thermal Limit Monitor (ATLM) in the RC&IS, for control of the rod withdrawal
block and FW temperature control valve one-way block functions. The operating range of the
various detectors is shown in Figure 7.2-3. A functional block diagram (Figure 7.2-4) shows a
typical SRNM division. A functional block diagram (Figure 7.2-5) shows a typical PRNM division.

7.2.2.2.2 Neutron Monitoring Subsystem Safety Classification

The SRNM, LPRM, APRM, and OPRM perform safety-related functions and are designed to meet
the applicable design criteria. The system classification is shown in Section 3.2. The safety-related
subsystems are qualified in accordance with Sections 3.10 and 3.11.

The AFIP Subsystem of the NMS and the MRBM are nonsafety-related and are discussed within
Subsection 7.7.6.

7.2.2.2.3 Power Sources

The safety-related NMS equipment is powered by redundant 120 VAC divisional safety-related
UPS. The power sources for each system are discussed in the individual subsystem descriptions.

7.2.2.2.4 Startup Range Neutron Monitor Subsystem

722241 General Description

The SRNM monitors neutron flux from the source range (approximately 1 x 108 neutrons/cm2/sec)
to approximately 1.5 x 10"3 neutrons/cm?/sec. The SRNM subsystem has 12 SRNM channels,
each having one fixed in-core regenerative fission chamber sensor.
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722242 Power Sources
SRNM channels are powered as listed below:

* A E, J: 120 VAC Div. 1 UPS
+ B, F, K: 120 VAC Div. 2 UPS
+ C, G, L: 120 VAC Div. 3 UPS
* D, H, M: 120 VAC Div. 4 UPS

Each SRNM cabinet is powered by two redundant divisional 120 VAC UPS in the appropriate
division; either source of power can support system operation.

7.2.2.24.3 Physical Arrangement

The 12 SRNM detectors are located at a fixed elevation about the mid-plane of the fuel region and
are uniformly distributed throughout the core. The SRNM detector locations in the core, together
with the neutron source locations, are shown in Figure 7.2-6. Each detector is contained within a
pressure barrier dry tube inside the core with signal output exiting the bottom of the dry tube
under-vessel. Detector cables are routed separately to the appropriate containment penetration
according to divisional assignment. They are connected to their designated preamplifiers located in
the respective divisional quadrants of the RB.

The SRNM preamplifier signals are transmitted to the SRNM digital processing equipment units,
which provide algorithms for signal processing and calculations to provide neutron flux, power,
period trip margin, and period. Additionally, they provide outputs for local and control console
displays and recorders and to the PCF. The individual SRNM channel trips are combined to form a
SRNM divisional trip in the NMS TLU function (as shown in Figure 7.2-4). This SRNM divisional trip
is sent to the RPS through a safety-related network interface. (This is the logic in the coincident
mode. Further discussion of SRNM trip logic is included in Subsection 7.2.2.5.)

Alarm and trip outputs also are provided for both high neutron flux and short period trip or alarm
conditions. Such outputs include the instrument inoperative trip. The electronics for the SRNM and
their designated bypass units are located in four separate cabinets, one in each of the four
divisional RB quadrants, and in each of the CB divisional equipment room locations. The SRNM
satisfies the IEEE Std. 603, Section 5.1 single failure criterion because the failure of any individual
SRNM channel does not affect the protection function of the SRNM through channel bypasses
discussed in Subsection 7.2.2.2.4.6 (with any three of the four divisions of safety-related power
available). It also satisfies the IEEE Std. 603, Section 5.6 independence requirement.

722244 Signal Processing

Over the 10-decade power monitoring range two monitoring methods are used: (1) the counting
method for the lower counting range (approximately 1 x 103 neutrons/cmzlsec) to approximately 1
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x 10% neutrons/cm?/sec, and (2) the Campbelling technique Mean Square Voltage (MSV) for the
higher range, from 1 x 108 neutrons/cm?/sec to 1 x 10'3 neutrons/cm?/sec of neutron flux.

In the counting range, after pre-amplification, the discrete pulses produced by the sensors are
applied to a discriminator. The discriminator, together with other digital noise-limiter features,
separates the neutron pulses from gamma radiation and other noise pulses. The neutron pulses are
counted. The reactor thermal power is proportional to the count rate.

In the MSV range, where it is difficult to distinguish among the individual pulses, a DC voltage signal
proportional to the mean square value of the input signal is produced. The reactor power is
proportional to this MSV. In the mid-range overlapping region, where both methods apply, the
SRNM calculates a neutron flux value based on a weighted interpolation of the two flux values as
calculated by each method. A continuous and smooth flux reading transfer is achieved in this
manner. In addition, the calculation algorithm for the period-based trip circuitry generates a trip
margin setpoint for the period trip protection function.

7.2.2.2.4.5 Trip Functions

The SRNM scram trip functions are discussed in Subsection 7.2.1.2.4.2, and rod block trip
functions are discussed in Subsection 7.7.2.2. The SRNM channels also provide trip bypass. The
trip setpoints are adjustable. The SRNM trip functions are shown in Table 7.2-2. A short period
signal (the period withdrawal permissive) inhibits continuous control rod withdrawal to avoid a
reactor scram (due to a shorter reactor period caused by excessive rod withdrawal).

722246 Bypasses and Interlocks

The 12 SRNM channels are divided two ways; there are three SRNMs per division assigned as
previously described and the 12 SRNMs are additionally divided into core quadrants with three
SRNMs per quadrant such that each quadrant has three separate divisions. The quadrants/SRNMs
are arranged into four bypass groups of three SRNMs each; a joystick type bypass switch ensures
that no more than one SRNM in a quadrant can be simultaneously bypassed. Therefore, a
maximum of four SRNM channels can be bypassed at any one time. This scheme assures that
each quadrant will always have at least two unbypassed SRNMs for startup range flux monitoring.
There is no additional SRNM bypass capability at the divisional level. However, it is possible to
bypass all three SRNMs belonging to the same division. When this is required, a divisional bypass
is generated that allows that division's NMS DTM to be bypassed. For SRNM calibration or repair,
the bypass can be performed for each individual channel separately through these SRNM bypasses
without putting the whole division out of service. The SRNM subsystem satisfies the repair
requirement of IEEE Std. 603, Section 5.10. Note that bypassing any of the SRNM sensors within a
division does not affect the ability of the NMS to perform two-out-of-four trip determinations using
the trip decisions from the SRNM divisions (with any three of the four divisions of safety-related
power available). The SRNM subsystem satisfies the IEEE Std. 603, Section 5.1 single failure
criterion.
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The SRNM bypass switches are mounted on the MCR panel. Bypass functions for the SRNM and
the APRM in the NMS are separate. There is no single NMS divisional bypass affecting both the
SRNM and the APRM. No APRM bypass forces a SRNM bypass. Also, all NMS bypass logic
control functions are located within the NMS, not in the RPS.

The SRNM has several major interlock logics. The SRNM trip functions are in effect when the
Reactor Mode Switch is not in the Run position. The SRNM upscale trip is only active in the NMS
non-coincident mode (Table 7.2-2). The SRNM ATWS permissive signals are sent to the
ATWS/SLC system to control initiation of SLC system boron injection and associated functions
(such as FW runback).

722247 Redundancy and Diversity

The signal outputs from the 12 SRNM channels are arranged so each of the four divisions includes
a different set of designated SRNM channels covering different regions of the core. The SRNM
monitoring and protection function is provided by each individual channel. Failure of an
un-bypassed single SRNM channel causes an inoperative trip to only one of the four divisions,
whereas a full scram requires divisional trips in two-out-of-four divisions within the NMS. Bypassing
a single SRNM channel does not cause a trip output to the related SRNM division and does not
prevent the remaining SRNM channels from performing their safety-related functions.

722248 Environmental Considerations

The wiring, cables, and connectors located within the drywell are designed for continuous duty in
the environmental conditions described in Appendix 3H.

The SRNM instruments are designed to operate under the expected environmental conditions.
Environmental qualification is discussed in Section 3.11.

7.2.2.2.5 Local Power Range Monitor

7.2.2.2.51 General Description

The LPRM monitors local neutron flux in the power range. The LPRM provides input signals to the
APRM (Subsection 7.2.2.2.6), the RC&IS (Subsection 7.7.2), and the PCF of the N-DCIS
(Subsection 7.1.5).

722252 Uninterruptible Power Supply

Alternating current power for the LPRM circuitry is supplied by four pairs of redundant divisional 120
VAC UPS buses corresponding to the four safety-related divisions. The cabinets can perform their
functions with either of their redundant power sources. Each division supplies power to one-fourth
of the detectors. Each LPRM detector is provided with a DC power supply, housed in the
designated divisional APRM instrument furnishing the detector polarizing potential.
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722253 Physical Arrangement

A single division of LPRMs consists of a total of 64 detectors - one detector from each LPRM
assembly (from a total of 64 assemblies in the core). There are a total of 256 LPRM detectors in the
core. Each assembly consists of four LPRM fission chamber detectors uniformly spaced at four
axial positions in the fuel bundle vertical direction. The 64 assemblies are distributed uniformly
throughout the whole core. Within the core, for each square fuel region of four-by-four fuel bundles,
LPRM assemblies are located at the four corners.

The LPRM assembly locations in the core are illustrated in Figure 7.2-7. The LPRM detector axial
positions in the fuel bundle vertical direction are illustrated in Figure 7.2-8. The LPRM detector at
the lowest position is designated LPRM A. Detectors above A are designated B and C, with the
uppermost detector designated D.

The LPRM detector is a fission chamber with a polarizing potential of approximately 100 VDC. The
four detectors comprising a detector assembly are contained in a common tube also housing the
AFIP sensors (Subsection 7.7.6). The enclosing housing tube is perforated to promote reactor
coolant flow for detector cooling.

In addition, the LPRM assembly contains a set of two thermocouples mounted inside its lower
portion (at an elevation below the core plate). The thermocouple sensors provide core inlet
temperature data to be used by the PCF of the N-DCIS for core flow determination using the heat
balance method. A pair of thermocouple sensors is mounted on all 64 LPRM assemblies (at the
same elevation). Figure 7.2-8 shows the relative elevations of the fixed in-core probe sensors and
the thermocouples.

The LPRM cables are grouped by associated APRM trip channel under the RPV and routed to the
RB in conduit to maintain separation. The LPRMs provide inputs to each of the four APRM
channels. The four APRM channels are mounted in separate bays with complete physical
separation. This arrangement and wiring practice provides the required electrical isolation and
physical separation to fulfill the independence requirement of IEEE Std. 603, Section 5.6.

722254 Signal Processing

At the under-vessel pedestal region the LPRM detector outputs from the assembly are connected to
respective coaxial cables routed through the containment penetrations and to the signal
conditioning units in the RB. In the signal conditioning units the signals are processed, amplified,
converted to digital data, and transmitted by fiber-optic cable to the CB NMS cabinets located in the
safety-related equipment rooms.

The amplified signal is proportional to the local neutron flux level. The LPRM signals are averaged
and normalized to reactor power by the APRM logic, to produce an APRM signal (Refer to
Subsection 7.2.2.2.6). Individual LPRM signals also are transmitted (with proper electrical isolation)
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through dedicated interface units in the APRM from other systems such as the RC&IS and the PCF
to provide local power information.

7.2.2.2.5.5 Trip Functions

The LPRM channels provide trip and status signals indicating when an LPRM is upscale,
downscale, or bypassed.

7.2.2.2.5.6 Bypasses and Interlocks

Each LPRM channel is capable of being individually bypassed. When the maximum allowed
number of bypassed LPRMs for each APRM has been exceeded an inoperative trip is generated by
the affected APRM channel.

7.2.2.2.5.7 Redundancy

The LPRM detectors are arranged in four divisional APRM channels with 64 LPRM detector signals
in each. The redundancy criteria are met, ensuring (in the event of a single failure under permissible
APRM bypass conditions) the safety-related protection function is performed as required (with any
three of the four divisions of safety-related power available).

722258 Environmental Considerations

The LPRM detector and detector assembly are designed to operate up to a gauge pressure of
approximately 8.62 MPa (1250 psig) and at an ambient temperature of approximately 315°C
(599°F). The wiring, cables, and connectors located within the drywell are designed for continuous
duty at drywell ambient conditions. The LPRMs are capable of functioning during and after DBEs.
(Refer to Sections 3.10 and 3.11).

7.2.2.2.6 Average Power Range Monitor

7.2.2.2.61 General Description

The APRM performs a safety-related function. There are four APRM channels, one per division.
Each APRM channel receives 64 LPRM signals as primary inputs (from the RB) through fiber-optic
cables. Each APRM channel then averages the inputs and normalizes the result to provide an
APRM value corresponding to the average core thermal power signal. One APRM channel is
associated with each division of the RPS.

7.2.2.2.6.2 Power Sources
APRM channels are powered as listed below:

* A: Redundant 120 VAC Div. 1 UPS
+ B: Redundant 120 VAC Div. 2 UPS
* C: Redundant 120 VAC Div. 3 UPS
* D: Redundant 120 VAC Div. 4 UPS
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Either of the two redundant divisional power sources supports APRM operation. The bypass units
and LPRM detectors associated with each APRM channel receive power from the same power
sources as the APRM channel.

7.2.2.2.6.3 Physical Arrangement

The APRM subsystem consists of four independent and separate instrument channels. Each
APRM channel receives 64 LPRM signal inputs. The assignment of individual LPRM sensors to
each of the four APRM channels is performed, ensuring that an even and uniform selection of
LPRM sensors from the whole core is allocated to each APRM channel. In this manner, the average
value of the 64 LPRM signals from the entire core represents the average core power value. The
LPRM signals within the APRM channel are averaged and normalized to form an average core
power APRM signal. The LPRM assignment to APRM channels is shown in Figure 7.2-9.

722264 Signal Conditioning

The APRM channel electronic equipment averages the output signals from 64 LPRM detectors to
form an APRM signal for this channel. The averaging circuit automatically corrects for the number
of un-bypassed LPRM input signals. The APRM channel electronics unit includes the capabilities
for LPRM and APRM calibrations and diagnostics. The APRM has communication interface
modules (CIMs) to send signals to other systems. A simplified PRNM block diagram is shown in
Figure 7.2-5. Individual APRM channel trips are routed to the RPS directly. The APRM satisfies the
IEEE Std. 603, Section 5.1 single failure criterion, because the failure of any individual APRM
channel does not affect the protection function of the APRM through channel bypasses, as
discussed in Subsection 7.2.2.2.6.6 (with any three of the four divisions of safety-related power
available). It also satisfies the IEEE Std. 603, Section 5.6, independence requirement, because the
redundant portions of the NMS equipment are independent of (and physically separated from) each
other, and the NMS equipment is separated from other systems.

7.2.2.2.6.5 Trip Function

The APRM scram trip function is discussed in Subsection 7.2.1.2.4.2. The APRM rod block trip
function is discussed in Subsection 7.7.2.2. The APRM channels also provide trip and status
signals indicating when an APRM channel is upscale, downscale, bypassed, or inoperative. The trip
setpoints are adjustable. APRM system trip functions are summarized in Table 7.2-4.

7.2.2.2.6.6 Bypasses and Interlocks

Bypass of one APRM channel out of four channels is allowed at any one time for repair during plant
operation while maintaining the required APRM functions. This satisfies the repair requirement of
IEEE Std. 603, Section 5.10. When one APRM channel is bypassed, the trip logic in the NMS
becomes two-out-of-three instead of two-out-of-four (with any three of the four divisions of
safety-related power available).
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The bypass of APRM channels is accomplished with a joystick-type switch having mutually
exclusive positions. The APRM bypass switch is located on an MCR panel. Access to the panel and
the switch is under administrative control. When a bypass is active, the input from the bypassed
APRM/OPRM channel (APRM or OPRM trip function) will be bypassed by removing it from the
vote. The remaining signals are voted with a two-out-of-three logic, thus retaining the ability to
withstand a single-channel failure.

The final check of the signals, performed independently by each voter channel, ensures that no
single failure causes an inadvertent bypass. The bypass function uses physical means and
independent logic to ensure that no more than one channel is bypassed at a given time.

There are no automatic bypasses for the APRM trip function. The APRM trip setpoint is
automatically changed to a lower value (setdown) when the manually operated Reactor Mode
Switch is not in the Run position. When any APRM (or OPRM) channel output is bypassed, the
bypass is indicated on the plant operator's panel. The same channel bypass bypasses both the
OPRM and APRM channels.

The APRM ATWS permissive signals are sent to the ATWS/SLC system as permissive signals for
the ADS initiation inhibit function. The ATWS permissive value for ADS initiation is provided in
Table 7.2-4.

7.2.2.2.6.7 Redundancy

Four independent channels of the APRM monitor neutron flux. Each channel is associated with one
NMS division, with its optically isolated trip signal sent to the other three NMS divisions. The
redundancy criteria are met ensuring (in the event of a single failure under permissible APRM
bypass conditions) the safety-related protection function is performed as required (with any three of
the four divisions of safety-related power available).

7.2.2.2.6.8 Environmental Considerations

Chapter 3 describes the APRM operating environments. The APRM is capable of functioning during
and after the DBE in which continued APRM operation is required (Sections 3.10 and 3.11).

7.2.2.2.7 Oscillation Power Range Monitor

722271 General Description

The OPRM consists of four independent safety-related channels. The OPRM channel uses the
same set of LPRM signals used by the associated APRM channel in which the OPRM channel
resides. Each OPRM receives identical LPRM signals from the corresponding APRM channel as
inputs and forms OPRM cells to monitor the thermal neutron flux behavior in all regions of the core.
Assignment of LPRMs to the four OPRM channels is shown in Figure 7.2-10.

The OPRM channel consists of OPRM cells formed by grouping LPRM inputs (maximum of four).
The OPRM cell signal is the average of all grouped LPRM input signals and is used for detecting
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thermal hydraulic instability of the reactor core. The LPRM signals assigned to each cell are
summed and averaged to provide an OPRM signal for that cell. The OPRM trip protection algorithm
detects thermal hydraulic instability (flux oscillation with unacceptable amplitude and frequency)
and provides a trip output if the trip setpoint is exceeded.

7.2227.2 Power Sources

The OPRM function resides in the APRM equipment and is supplied with the same redundant
APRM 120 VAC power.

722273 (Deleted)

722274 Trip Function

The OPRM trips are combined with the APRM trips of the same APRM channel and sent to the
RPS. When there is an insufficient number of operating OPRM cells the OPRM function generates
an alarm signifying an inoperative OPRM channel. If the number of operating LPRM inputs to an
OPRM cell is less than the minimum required, the cell is considered to be inoperative. Similarly, the
channel is inoperative if it does not have enough operating cells. Any cell can cause an OPRM
channel alarm or trip condition.

The OPRM channel monitors OPRM cell signal responses and provides alarm and trip signals
based on the oscillation detection algorithm defined in a detailed hardware and software design
specification document. Any cell can cause an OPRM channel alarm or trip condition.

The OPRM channel trips are sent to the RPS. The OPRM function does not generate an
inoperative trip but does generate an alarm signifying an inoperative OPRM channel when there is
an insufficient number of operating OPRM cells. (An inoperative OPRM cell is a cell having an
insufficient number of operating LPRM inputs).

A summary of OPRM trip functions is provided in Table 7.2-6.

7.22.2.7.5 Bypasses and Interlocks

The OPRM alarms and trips are bypassed in all reactor operation modes except Run and when
operating below a preset power level. The OPRM bypass is controlled by the APRM channel in
which it resides. Bypass of the APRM channel also bypasses the OPRM trip function within this
APRM channel.

722276 Redundancy
The OPRM has the same redundancy design as the APRM. The redundancy criteria are met such
that, in the event of a single failure under permissible APRM/OPRM bypass conditions, the
safety-related protection function is performed as required (with any three of the four divisions of
safety-related power available).
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722277 Environmental Conditions
The OPRM is subject to the same environmental conditions as the APRM.

7.2.2.3 Safety Evaluation
This evaluation covers the safety-related SRNM, LPRM, APRM, and OPRM functions of the NMS.

The evaluation of the trip inputs from the NMS to the RPS is discussed in Subsection 7.2.1.

The AFIP subsystem and the MRBM are nonsafety-related subsystems of the NMS, and are
evaluated in Subsection 7.7.6.

Table 7.1-1 identifies the NMS and the associated codes and standards applied, in accordance with
the Standard Review Plan NUREG-0800. This subsection addresses I&C systems conformance to
regulatory requirements, guidelines, and industry standards.

7.2.2.3.1 Code of Federal Regulations
10 CFR 50.34(f)(2)(iii)[1.D.1], Human factors engineering principles applied to control room design:

* Conformance: The NMS design conforms to these requirements.
10 CFR 50.34(f)(2)(v)[l.D.3], Bypass and operable automatic status indication of safety systems:
* Conformance: The NMS design conforms to these requirements.

The 12 SRNM channels are divided into four divisions and are independently assigned to four
bypass groups such that bypass of up to four SRNM channels at any one time is allowed while still
providing the required monitoring and protection capability (with any three of the four divisions of
safety-related power available).

10 CFR 50.43(e), Innovative means of accomplishing safety functions:

+ Conformance: When innovative means are used in the 1&C design it complies with 10 CFR
50.43(e).

10 CFR 50.49, Environmental qualification of electric equipment important to safety for nuclear
power plants:

» Conformance: The NMS conforms to these requirements. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

10 CFR 50.55a(a)(1), Quality standards for systems important to safety:
* Conformance: The NMS design conforms to these standards.
10 CFR 50.55a(h), Protection and safety systems compliance with IEEE Std. 603:

» Conformance: The NMS conforms to IEEE Std. 603. Conformance information is found in
Subsections 7.1.6.6.1 through 7.1.6.6.1.27. Additional information concerning how the NMS
conforms to IEEE Std. 603 is discussed below.

7-188 Revision 0
October 2015



Fermi 3
Updated Final Safety Analysis Report

- |EEE Std. 603, Section 4.2 (Safety-related Functions): See Subsections 7.2.2.1.1.2,
7.221.21,7.221.31,and 7.2.2.1.4 1.

- |EEE Std. 603, Section 4.3 (Permissive Conditions for Operating Bypasses): See
Subsection 7.2.2, Tables 7.2-2 and 7.2-4 for a description of the NMS system Operating
Bypasses and Permissive Conditions.

- |EEE Std. 603, Section 4.6 (Spatially Dependent Variables): See Subsections
7.2.2.24.3,7.2.2.2.5.3,7.2.2.2.6.3, and Figures 7.2-6 through 7.2-10 for a description of
the NMS system sensor and location information.

- |EEE Std. 603, Section 5.2 (Completion of Protective Actions): Completion of Protective
Actions are not applicable beyond that discussed in Subsection 7.1.6.6.1.3.

- |EEE Std. 603, Section 5.7 (Capability for Test and Calibration): See Subsection 7.2.2.4
for NMS Test and Calibration Capability.

- |EEE Std. 603, Sections 6.2 and 7.2 (Manual Control): Manual Control is not applicable
to NMS.

- |EEE Std. 603, Section 6.4 (Derivation of System Inputs): The NMS derives its sense
and command features from direct measurements.

- |IEEE Std. 603, Section 6.5 (Capability of Test and Calibration): See Subsections
7.2.2.4.1 through 7.2.2.4.2.4 for NMS Test and Calibration Capability.

- |EEE Std. 603, Sections 6.6 and 7.4 (Operating Bypasses): See Section 7.2.2,
Tables 7.2-2 and 7.2-4 for a description of the NMS system Operating Bypasses and
Permissive Conditions.

- |EEE Std. 603, Sections 6.7 and 7.5 (Maintenance Bypasses): See Subsections

Bypasses.

- |IEEE Std. 603, Section 8.2 (Non-Electrical Power Sources): Non-Electrical power
sources for the NMS are not applicable beyond that discussed in
Subsection 7.1.6.6.1.26.

- |EEE Std. 603, Section 8.3 (Maintenance Bypasses): Maintenance Bypasses for the
NMS power sources are not applicable beyond that discussed in
Subsection 7.1.6.6.1.27.

10 CFR 50.62, Requirements for reduction of risk from ATWS events for light-water-cooled nuclear
power plants:

* Conformance: The NMS conforms to these requirements.

10 CFR 52.47, Contents of applications; technical information, level of design information:
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» Conformance: The level of detail provided for the NMS within the DCD conforms to this
requirement.

10 CFR 52.47(a)(21), Resolution of unresolved and generic (medium- and high-priority) safety
issues identified in NUREG-0933:

» Conformance: Resolution of unresolved and generic safety issues is discussed in Section 1.11.

10 CFR 52.47(a)(25), Interface requirements for portions of the plant not within scope of certified
design application:

» Conformance: There are no interface requirements for this section.
10 CFR 52.47(b)(1), ITAAC in design certification application:
» Conformance: ITAAC are provided for 1&C systems and equipment in Tier 1.

10 CFR 52.47(c)(2), Innovative means to accomplish safety function design completeness
requirements per 10 CFR 50.43(e):

+ Conformance: The 1&C design may use innovative means for accomplishing safety functions.

7.2.2.3.2 General Design Criteria
GDC 1, 2,4,10, 12, 13, 19, 20, 21, 22, 23, 24, 25, 26, 27, and 29:

* Conformance: The NMS design complies with these GDC.

7.2.2.3.3 Staff Requirements Memoranda
SRM on Item 11.Q of SECY-93-087:

* Conformance: The NMS design, as part of the safety-related system, minimizes the likelihood of
common mode failures, and conforms to this requirement by the implementation of additional
diverse 1&C system (DPS) capabilities, described in Section 7.8.

7.2.2.3.4 Regulatory Guides
RG 1.22, Periodic Testing of Protection System Actuation Functions:

» Conformance: The NMS design conforms to RG 1.22.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:
» Conformance: The NMS design conforms to RG 1.47.

RG 1.53, Application of the Single Failure Criterion to Safety Systems:

» Conformance: The NMS is organized into four physically and electrically-isolated divisions that
use the principles of independence and redundancy to conform to the single failure criterion as
defined by IEEE Std. 379, Section 4, and IEEE Std. 603, Section 5.1; additionally, the design
meets N-2 conditions. Analyses complying with IEEE Std. 379 will be used to confirm the
safety-related system designs' conformance to the single failure criterion.
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RG 1.75, Criteria for Independence of Electrical Safety Systems:

* Conformance: The NMS design conforms to RG 1.75 as described in Subsections 8.3.1.3 and
8.3.1.4.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for Nuclear
Power Plants:

+ Conformance: The NMS design conforms to RG 1.89. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

* Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for RG 1.97
compliance are determined as part of the HFE development process as discussed in
Subsection 7.5.1.3.4.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power Plants:

+ Conformance: The NMS design conforms to RG 1.100. See Sections 3.9 (Mechanical Systems
and Components) and 3.10 (Seismic and Dynamic Qualification of Mechanical and Electrical
Equipment).

RG 1.105, Setpoints for Safety-Related Instrumentation:

* Conformance: The NMS design conforms to RG 1.105. Reference 7.2-1 provides a detailed
description of the GEH setpoint methodology.

RG 1.118, Periodic Testing of Electric Power and Protection Systems:

» Conformance: Periodic testing of the protection systems is performed in accordance with IEEE
Std. 338, as modified by RG 1.118.

RG 1.152, Criteria for Use of Computers in Safety Systems of Nuclear Power Plants:
+ Conformance: The NMS design conforms to RG 1.152.
RG 1.153, Criteria for Safety Systems:

+ Conformance: The NMS is designed to satisfy the requirements of IEEE Std. 603, as endorsed
by RG 1.153.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

* Conformance: The NMS design conforms to RG 1.168 as implemented on the NMS platform.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

* Conformance: The NMS design conforms to RG 1.169 as implemented on the NMS platform.
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RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

» Conformance: The NMS design conforms to RG 1.170 as implemented on the NMS platform.

RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of Nuclear
Power Plants:

* Conformance: The NMS design conforms to RG 1.171 as implemented on the NMS platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

* Conformance: The NMS design conforms to RG 1.172 as implemented on the NMS platform.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

» Conformance: The NMS design conforms to RG 1.173 as implemented on the NMS platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

* Conformance: The NMS design conforms to RG 1.180. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
+ Conformance: The NMS design conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

» Conformance: The NMS design conforms to RG 1.209. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

7.2.2.3.5 Branch Technical Positions
BTP HICB-8, Guidance for Application of Regulatory Guide 1.22:

* Conformance: The NMS design conforms to BTP HICB-8.
BTP HICB-10, Guidance on Application of Regulatory Guide 1.97:

» Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited for RG 1.97
compliance are determined as part of the HFE development process as discussed in
Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:

» Conformance: The NMS design conforms to BTP HICB-11. The NMS equipment uses
safety-related fiber-optic CIMs and fiber-optic cables for interconnections between
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safety-related divisions for data exchange and for interconnections between safety-related and
nonsafety-related devices to meet the requirements of RG 1.75 and RG 1.153.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:

+ Conformance: The analytical limits of the safety-related setpoints of the NMS are determined
from safety analyses for each reactor fuel cycle to ensure the reactor core is protected from any
rising neutron flux potentially exceeding these values. The nominal setpoints are calculated to
be consistent with the GEH standard setpoint methodology (Reference 7.2-1), which conforms
to RG 1.105. The setpoint margin calculated by this method also has considered additional
uncertainties with the calibration interval. Therefore, the NMS meets BTP HICB-12.

Most of the uncertainty associated with safety-related NMS trip setpoints is associated with the
various neutron sensors because the digital electronics in the NMS do not drift, the setpoints are
monitored and indicated by the PCF of N-DCIS.

BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based Instrumentation and
Control Systems:

» Conformance: Development of software for the safety-related system functions within NMS
conforms to the guidance of BTP HICB-14 as discussed in the LTRs "ESBWR - Software
Management Program Manual" (Reference 7.2-3) and "ESBWR - Software Quality Assurance
Program Manual” (Reference 7.2-4). Safety-related software to be embedded in the memory of
the NMS logics is developed according to a structured plan described in References 7.2-3 and
7.2-4. These plans follow the software life cycle process described in BTP HICB-14.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications Under
10 CFR Part 52:

* Conformance: The NMS section content conforms to BTP HICB-16.
BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:

+ Conformance: The safety-related subsystems of the NMS are designed to support the required
periodic testing. (Refer to Subsection 7.2.2.4.) The NMS system equipment features a self-test
design operating in all modes of plant operations. This self-test function does not interfere with
the safety-related functions of the system. The NMS design conforms to BTP HICB-17.

BTP HICB-18, Guidance on the Use of Programmable Logic Controllers in Digital Computer-Based
Instrumentation and Control Systems:

+ Conformance: Q-DCIS hardware, embedded and operating system software, and peripheral
components conform to the guidance of BTP HICB-18. Q-DCIS is built and qualified specifically
for ESBWR applications as safety-related and not as commercial grade PLCs. The embedded
and operating system software meet the acceptance criteria contained in BTP HICB-14, for
safety-related applications.
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BTP HICB-19, Guidance for Evaluation of Defense-in-Depth and Diversity in Digital
Computer-Based Instrumentation and Control Systems:

» Conformance: The NMS design conforms to BTP HICB-19 by implementation of an additional
diverse instrumentation and control system described in Section 7.8.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance:

* Conformance: The SRNM/APRM digital subsystems (and the OPRM digital subsystem) are
designed to respond in real time to ensure that specified fuel limits are not exceeded, and core
power oscillations are detected and suppressed. The NMS conforms to BTP HICB-21.

7.2.2.3.6 Three Mile Island Action Plan Requirements

In accordance with the SRP for Chapter 7, and with Table 7.1-1, 10 CFR 50.34(f)(2)(v)[l.D.3]
applies to the NMS and is addressed in Subsection 7.2.2.3.1.

TMI action plan requirements are generically addressed in Table 1A-1 of Appendix 1A.

7.2.24  Testing and Inspection Requirements

7.2.2.4.1 General Requirements

NMS instruments (not including sensors) outside the containment are designed so they can be
tested, inspected, and calibrated as required during plant operation without causing plant shutdown
or scram and with access for the service personnel.

NMS instrument modules, including SRNM and APRM, are designed with the capability of being
tested for normal performance, trip performance, and calibration function through either an
automated or manual process. Routine surveillance functions, including periodic tests and
calibration, are automated with minimum operator involvement.

Detailed NMS instrument test function requirements, including periodic tests and calibration
durations for each instrument, are included in the detailed NMS hardware and software system
specification document.

For micro-processor based instruments an instrument unit self-test function is provided.

7.2.2.4.2 Specific Requirements

7.2.24.21 Startup Range Neutron Monitor Testability and Calibration

Each SRNM channel is tested and calibrated using the procedures listed in the SRNM instruction
manual. Each SRNM channel is checked when the reactor mode switch is not in "Run" to ensure
that the SRNM high flux scram function and short period scram function are operable. Portions of
the required testing may be performed in other operating Modes. See Subsection 7.2.2.4 for a
description of SRNM inspection and testing requirements.
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7.224.2.2 Local Power Range Monitor Testability and Calibration

LPRM channels are calibrated using data from the AFIP subsystem and based on PCF
three-dimensional core power distribution calculations. The calibration follows procedures in the
applicable instruction manual.

722423 Average Power Range Monitor Testability and Calibration

APRM channels are calibrated using data from the PCF reactor heat balance calculation. The
calibration follows procedures in the applicable instruction manual. Each APRM channel is checked
individually (by introduction of test signals) for operability of the APRM high neutron flux scram and
rod-blocking functions.

722424 Oscillation Power Range Monitor Testability and Calibration

Each OPRM channel can be checked individually (by introduction of test signals) for operability of
the OPRM trip protection algorithm.

7.2.2.5 Instrumentation and Control Requirements

7.2.2.5.1 Instrumentation Requirements

The design of NMS instruments primarily is based on digital I&C practices with digital
electronics-based programmable and memory units. The NMS instruments follow a modular design
concept so each modular unit or its subunit is easily replaceable. Each instrument has a flexible
interface design to accommodate either metal wire or fiber-optic communication links.

NMS instruments are provided with necessary operator-interface functions based on adequate
NMS man-machine interface (MMI) requirements.

The NMS displays provided in the MCR, as a minimum, include:
+ SRNM reactor period, power level, and count rate (12).
* SRNM upscale/ inoperable trip and reactor period trip status.
+ SRNM upscale rod block, reactor period rod block, and downscale rod block status.
* SRNM channel bypass status.
* SRNM period based permissive.
+ SRNM ATWS permissive status.
* LPRM bypass status, LPRM upscale alarm, and LPRM downscale alarm status (256 each).
* Number of bypassed LPRMs per APRM channel.
* APRM power level (4).
* APRM bypass status (4).

7-195 Revision 0
October 2015



Fermi 3
Updated Final Safety Analysis Report

» APRM divisional reactor upscale/inoperable trip, upscale rod block, and downscale rod block
status.

* APRM simulated thermal power level (4).
* APRM simulated thermal power upscale trip status.
+ APRM ATWS permissive status (4).
* OPRM divisional trip status.
« MRBM main channel bypass status.
+ MRBM main channel rod block status.
* AFIP system operability status.
The alarms in the MCR include:
» SRNM non-coincident upscale trip
* SRNM non-coincident upscale rod block
* SRNM downscale rod block
* SRNM short period trip, short period rod block
+ SRNM inoperative trip
* SRNM period withdrawal permissive alarm
* LPRM upscale, downscale alarm
* APRM upscale trip
* APRM upscale rod block, downscale rod block
* APRM simulated thermal power upscale trip
* APRM simulated thermal power rod block
* APRM system inoperative trip
+ MRBM upscale rod block, downscale, inoperative rod block
* AFIP inoperative
* OPRM trip

The above NMS displays and alarms fulfill the information display requirements of the IEEE Std.
603, Section 5.8.

7.2.2.5.2 Basic Control Logic Requirements

The control logic of the safety-related subsystems in the NMS is "fail-safe." That is, a trip signal is
initiated if the control logic device fails due to critical hardware failure, power failure, or loss of
communication failure.
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The NMS controls located in the MCR panel include:
+ SRNM channel bypass controls (one for each bypass group) (hardware).
* APRM channel bypass control (one for each division) (hardware).

» Coincident/non-coincident switch. In the non-coincident position (not in Run mode), any single
SRNM channel trip condition sends a trip signal to the RPS and causes a reactor scram.

Each SRNM, LPRM, OPRM, or APRM channel can be individually bypassed. Restrictions on the
total number and distribution of bypassed channels (at one time) are followed to avoid a reactor trip
due to inoperative NMS channels.

Each of the 12 SRNM channels belongs to one of the four bypass groups. Each group has one
"multiple position" selector switch so only one SRNM channel in each group is capable of being
bypassed at a time. The SRNM channel bypassed status is displayed on the NMS user interface.

The APRM equipment allows the operator to bypass any one of the four APRM channels during
normal plant operation. The APRM channel bypassed status is displayed on the NMS user
interface. The trip logic at the NMS becomes two-out-of-three instead of two-out-of-four.

There are separate bypass functions for the SRNM and APRM in the NMS. (There is no single NMS
divisional bypass affecting both the SRNM and the APRM.) An APRM bypass does not force an
SRNM bypass. The SRNM and APRM bypasses are separate logics to NMS. All NMS bypass logic
control functions are located within NMS but none are located in the RPS. Use of SRNM and APRM
bypasses does not adversely affect the ATWS permissive and ADS inhibit output functions.

Individual LPRM channels are bypassed by first confirming, for a given APRM channel, that the
minimum LPRM input requirement is still met after the bypasses are completed. The operator has
to input the LPRM designator to be bypassed, then switch it into bypass. The LPRM channel
bypassed status is displayed on the NMS user interface. If the maximum allowed number of
bypassed LPRMs associated with any APRM channel is exceeded an inoperative trip is
automatically generated by that APRM channel.

A failure that causes a channel to become inoperative causes a channel trip output to the NMS.

When the Reactor Mode Switch is in the Run position, the NMS is in a coincident mode. SRNM trips
are active only when the Reactor Mode Switch is not in the Run position. If the manual
coincident/non-coincident switch is in the non-coincident position when the Reactor Mode Switch is
placed in the run position an alarm is generated in the MCR. When the NMS is in non-coincident
mode, any one of the SRNMs channel trips can cause a reactor scram; in the coincident mode, at
least two-out-of-four divisions must be tripped in order to activate the reactor scram.

7.2.2.5.3 Basic Instrument Arrangement Requirements

NMS instruments and equipment are located in appropriate areas in the CB and RB with
appropriate divisional physical and electrical separation.
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Figures 7.2-4 and 7.2-12 provide a more detailed view of the NMS configuration and
communication paths.

The NMS is implemented with two communication methodologies: point-to-point optical fiber
inter-divisional communication and a shared memory data communication ring network.
Point-to-point communication is limited to trip and bypass information and any necessary message
authentication. Point-to-point fiber is also used NMS to RPS and NMS to SSLC/ESF
communication. Since the NMS is "fail safe" the loss of any communication or fiber will be
interpreted as a trip. The other communication methodology uses a shared memory data
communication ring network that extends between the various NMS system chassis. The data
communication processors of each chassis (nodes) connected to the data communication ring can
read the entire shared memory on the communication interface module (CIM) card and write only to
a designated portion of the CIM card memory. The data on the data communication ring are actively
transported between one chassis transmitter and another's receiver until all nodes have been
updated. To increase reliability, another data communication ring (forming a counter-rotating data
communication ring) is provided with the data going in the opposite direction, this scheme allows
both data communication rings to be broken between two nodes and all data still gets to all nodes;
no single failure will prevent data transmission.

There are two "counter rotating" data communication rings within each division of NMS. The upper
data communication ring on Figure 7.2-12 interconnects the RMU, DTM, TLU and RTIF-NMS
Q-CIM which are the only chassis needed to support the NMS safety functions. This is the
(redundant) path by which the RMUs transfer data to the DTMs and, in turn to the TLUs as
described above. Note that the BPU is not on the shared memory data communication ring
because the BPU is implemented in hardware logic.

There is a second redundant data communication ring that interconnects the above chassis and
additionally nonsafety-related operator and maintenance VDUs in the NMS and RMU cabinets and
on the safety surveillance panel in the MCR (the safety-related function of this VDU is Seismic
Category Il). Additionally, on this data communication ring are two nonsafety-related N-CIM (NMS
N-CIM A and NMS N-CIM B), each of which has access to the equivalent data communication rings
of the other three divisions and therefore all NMS divisional data.

The VDUs may be used at any time to monitor NMS signals and internal diagnostics; however, they
cannot input to any of the NMS chassis for calibration or maintenance purposes unless the chassis
or NMS division has been made inoperable by a keylock switch. Inoperable corresponds to a trip
unless the division has been bypassed. The inoperable status is alarmed.

7.2.3 Suppression Pool Temperature Monitoring
The SPTM function of the CMS, is classified as safety-related.
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7.2.3.1  System Design Bases

7.2.3.1.1 Safety-Related Design Bases

The safety-related functional requirement of the SPTM is to prevent the suppression pool
temperature from exceeding established limits. It does this by providing the inputs necessary for
automatic reactor scram initiation, which limits heat addition to the suppression pool.

The SPTM function is physically implemented by the safety-related four-divisional subsystem,
designed for Seismic Category | requirements.

The SPTM function also provides:
+ Safety-related inputs to the MCR for indication.

7.2.3.1.2 Nonsafety-Related Design Bases
The nonsafety-related SPTM functional requirements are:

» To provide input for automatic suppression pool cooling mode initiation

» To provide input for data display, alarm, and recording on the MCR panels

7.2.3.2 System Description

7.2.3.2.1 General

The SPTM function provides suppression pool temperature data for automatic scram and automatic
suppression pool cooling initiation when established high temperature limits are exceeded. In
addition, the SPTM function provides suppression pool temperature data for operator information
and recording, and for post-accident conditions of the suppression pool. The SPTM function
outputs to other systems are shown in Table 7.2-5.

7.2.3.2.2 Power Sources

The SPTM hardware is powered by the appropriate dual divisional redundant 120 VAC UPS - either
of which can support the SPTM function.

7.2.3.2.3 Equipment Design

The SPTM function comprises four independent safety-related instrumentation divisions, each
containing 16 sensors spatially distributed around the suppression pool. The sensor locations are
established to:

» Provide four-divisional, redundant measurements of suppression pool local and bulk-mean
temperatures under normal plant operating conditions and under postulated accident and
post-accident conditions.
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» Implement the divisional separation of sensors in the azimuthal directions, with redundancy and
separation of sensors realized in four divisions and with sensors appropriately covering the
different elevations of the pool.

» Locate sensors away from jet paths of SRV quenchers, horizontal vent discharges, and Passive
Containment Cooling System (PCCS) vent line discharges. This limits the temperature
differences between local and bulk-mean values.

The sensor electrical wiring, encapsulated in pliable, grounded sheathing, is terminated in
wetwell-sealed, moisture-proof junction boxes for sensor replacement or maintenance during a
plant outage. The temperature sensor wiring from the wetwell junction boxes is directed through the
suppression pool divisional instrument penetrations to the four-divisional Q-DCIS RMUs.

7.2.3.2.4 Signal Processing

The SPTM function supports measurement and calculation of bulk average suppression pool
temperatures for both normal operation and DBA conditions. A minimum number of thermocouples
per division is required to be operational. The SPTM logic automatically compensates for
inoperable thermocouples. If less than the required number of thermocouples is available a trip
signal is generated in that division. These signals are transmitted through the divisional Q-DCIS to
the RPS. Safety-related protective actions are generated by the RPS. Abnormal status alarms, data
display, and recording are provided.

7.2.3.3 Safety Evaluation

Table 7.1-1 identifies the SPTM function and the associated codes and standards applied, in
accordance with the Standard Review Plan, NUREG-0800. This subsection addresses I1&C
systems conformance to regulatory requirements, guidelines, and industry standards.

7.2.3.3.1 Code of Federal Regulations
10 CFR 50.34(f)(2)(iii)[1.D.1], Human factors engineering principles applied to control room design:

» Conformance: The SPTM function conforms to these requirements.
10 CFR 50.34(f)(2)(v)[l.D.3], Bypass and operable automatic status indication of safety systems:
» Conformance: The SPTM function conforms to these requirements.

10 CFR 50.49, Environmental qualification of electric equipment important to safety for nuclear
power plants:

+ Conformance: The SPTM function conforms to these requirements. See Table 3.11-1 (Electrical
and Mechanical Equipment for Environmental Qualification).

10 CFR 50.55a(a)(1), Quality standards for systems important to safety:

» Conformance: The SPTM function conforms to this requirement for the use of the applicable
standards.
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10 CFR 50.55a(h), Protection and safety systems compliance with IEEE Std. 603:

* Conformance: The SPTM function conforms to IEEE Std. 603. Conformance information is
found in Subsections 7.1.6.6.1 through 7.1.6.6.1.27. Additional information concerning how the
SPTM function conforms to IEEE Std. 603 is discussed below.

IEEE Std. 603, Section 4.2 (Safety-related Functions): See Subsection 7.2.3.1.1.

IEEE Std. 603, Section 4.3 (Permissive Conditions for Operating Bypasses): Permissive
conditions for operating bypasses are not applicable to the SPTM function.

IEEE Std. 603, Section 4.6 (Spatially Dependent Variables): Spatial dependency
requirements of the SPTM function are described in Subsection 7.2.1.2.4.2.

IEEE Std. 603, Section 5.2 (Completion of Protective Actions): Completion of Protective
Actions are not applicable beyond that discussed in Subsection 7.1.6.6.1.3.

IEEE Std. 603, Section 5.7 (Capability for Test and Calibration): Subsection 7.2.3.4
describes testing requirements specific to the SPTM function.

IEEE Std. 603, Sections 6.2 and 7.2 (Manual Control): Manual Control is not applicable
to the SPTM function.

IEEE Std. 603, Section 6.4 (Derivation of System Inputs): SPTM inputs are derived from
direct measures.

IEEE Std. 603, Section 6.5 (Capability of Test and Calibration): Subsection 7.2.3.4
describes testing requirements specific to the SPTM function.

IEEE Std. 603, Sections 6.6 and 7.4 (Operating Bypasses): Operating bypasses are not
applicable to the SPTM function.

IEEE Std. 603, Sections 6.7 and 7.5 (Maintenance Bypasses): Maintenance bypasses
for the SPTM function are adequately described in Subsection 7.1.6.6.1.23.

IEEE Std. 603, Section 8.2 (Non-Electrical Power Sources): Non-Electrical power
sources for the SPTM function are not applicable beyond that discussed in
Subsection 7.1.6.6.1.26.

IEEE Std. 603, Section 8.3 (Maintenance Bypasses): Maintenance Bypasses for the
SPTM function are not applicable beyond that discussed in Subsection 7.1.6.6.1.27.

10 CFR 52.47, Contents of applications; technical information, level of design information:

» Conformance: The level of detail provided for the SPTM function within the DCD conforms to
this requirement.

10 CFR 52.47(a)(21), Resolution of unresolved and generic (medium- and high-priority) safety
issues identified in NUREG-0933:

» Conformance: Resolution of unresolved and generic safety issues is discussed in Section 1.11.
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10 CFR 52.47(a)(25), Interface requirements for portions of the plant not within scope of certified
design application:

» Conformance: There are no interface requirements for this section.
10 CFR 52.47(b)(1), ITAAC in design certification application:
» Conformance: ITAAC are provided for the 1&C systems and equipment in Tier 1.

10 CFR 52.47(c)(2), Innovative means to accomplish safety function design completeness
requirements per 10 CFR 50.43(e):

» Conformance: The 1&C design does not use innovative means for accomplishing safety

functions.

7.2.3.3.2 General Design Criteria
GDC 1, 2,4,13,19, 20, 21, 22, 23, 24, and 29:

* Conformance: The SPTM function complies with these GDC.

7.2.3.3.3 Staff Requirements Memoranda
SRM on Item 11.Q of SECY-93-087:
+ Conformance: The SPTM function conforms to these criteria by the implementation of diverse

I&C system (DPS) as described in Section 7.8.

7.2.3.3.4 Regulatory Guides
RG 1.22, Periodic Testing of Protection System Actuation Functions:

+ Conformance: The SPTM function conforms to RG 1.22.

RG 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems:
+ Conformance: The SPTM function conforms to RG 1.47.

RG 1.53, Application of the Single Failure Criterion to Safety Systems:

» Conformance: The SPTM is organized into four physically and electrically-isolated divisions that
use the principle of independence and redundancy to conform to the single failure criterion as
defined by IEEE Std. 379, Section 4, and IEEE Std. 603, Section 5.1; additionally, the design
meets N-2 conditions. Analyses complying with IEEE Std. 379 will be used to confirm the
safety-related system designs' conformance to the single failure criterion.

RG 1.75, Criteria for Independence of Electrical Safety Systems:

* Conformance: The SPTM function conforms to RG 1.75 as described in Subsections 8.3.1.3
and 8.3.1.4.

RG 1.89, Environmental Qualification of Certain Electric Equipment Important to Safety for Nuclear
Power Plants:
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* Conformance: The SPTM function conforms to RG 1.89. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.97, Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants:

» Conformance: The ESBWR I&C conforms to RG 1.97. Specific instruments credited for RG 1.97
compliance are determined as part of the HFE development process as discussed in
Section 7.5.

RG 1.100, Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power Plants:

* Conformance: The SPTM function conforms to RG 1.100. See Sections 3.9 (Mechanical
Systems and Components) and 3.10 (Seismic and Dynamic Qualification of Mechanical and
Electrical Equipment).

RG 1.105, Setpoints for Safety-Related Instrumentation:

» Conformance: The SPTM function conforms to RG 1.105. Reference 7.2-1 provides a detailed
description of the GEH setpoint methodology.

RG 1.118, Periodic Testing of Electric Power and Protection Systems:

» Conformance: Periodic testing of the protection systems is performed in accordance with IEEE
Std. 338, as modified by RG 1.118.

RG 1.151, Instrument Sensing Lines:
» Conformance: The SPTM function conforms to RG 1.151.

RG 1.152, Criteria for Use of Computers in Safety Systems of Nuclear Power Plants:
» Conformance: The SPTM function conforms to RG 1.152.

RG 1.153, Criteria for Safety Systems:

» Conformance: The SPTM is designed to satisfy the requirements of IEEE Std. 603, as endorsed
by RG 1.153.

RG 1.168, Verification, Validation, Reviews, and Audits for Digital Computer Software Used in
Safety Systems of Nuclear Power Plants:

* Conformance: The SPTM function conforms to RG 1.168 as implemented on the RTIF platform.

RG 1.169, Configuration Management Plans for Digital Computer Software Used in Safety Systems
of Nuclear Power Plants:

* Conformance: The SPTM function conforms to RG 1.169 as implemented on the RTIF platform.

RG 1.170, Software Test Documentation for Digital Computer Software Used in Safety Systems of
Nuclear Power Plants:

* Conformance: The SPTM function conforms to RG 1.170 as implemented on the RTIF platform.
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RG 1.171, Software Unit Testing for Digital Computer Software Used in Safety Systems of Nuclear
Power Plants:

» Conformance: The SPTM function conforms to RG 1.171 as implemented on the RTIF platform.

RG 1.172, Software Requirements Specifications for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

* Conformance: The SPTM function conforms to RG 1.172 as implemented on the RTIF platform.

RG 1.173, Developing Software Life Cycle Processes for Digital Computer Software Used in Safety
Systems of Nuclear Power Plants:

* Conformance: The SPTM function conforms to RG 1.173 as implemented on the RTIF platform.

RG 1.180, Guidelines for Evaluating Electromagnetic and Radio-Frequency Interference in
Safety-Related Instrumentation and Control Systems:

» Conformance: The SPTM function conforms to RG 1.180. See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

RG 1.204, Guidelines for Lightning Protection of Nuclear Power Plants:
+ Conformance: The SPTM function conforms to RG 1.204.

RG 1.209, Guidelines for Environmental Qualification of Safety-Related Computer-Based
Instrumentation and Control Systems in Nuclear Power Plants:

+ Conformance: The SPTM function conforms to RG 1.209 See Table 3.11-1 (Electrical and
Mechanical Equipment for Environmental Qualification).

7.2.3.3.5 Branch Technical Positions
BTP HICB-8, Guidance for Application of Regulatory Guide 1.22:

+ Conformance: The SPTM function conforms to BTP HICB-8.
BTP HICB-10, Guidance on Application of Regulatory Guide 1.97:

» Conformance: The ESBWR 1&C conforms to RG 1.97. Specific instruments credited for RG 1.97
compliance are determined as part of the HFE development process as discussed in
Section 7.5.

BTP HICB-11, Guidance on Application and Qualification of Isolation Devices:

» Conformance: The SPTM function conforms to BTP HICB-11. RTIF logic controllers for the
SPTM use safety-related fiber-optic CIMs and fiber-optic cables for interconnections between
safety-related divisions for data exchange and for interconnections between safety-related and
nonsafety-related devices.

BTP HICB-12, Guidance on Establishing and Maintaining Instrument Setpoints:
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» Conformance: The SPTM function conforms to BTP HICB-12.

BTP HICB-14, Guidance on Software Reviews for Digital Computer-Based Instrumentation and
Control Systems:

» Conformance: The SPTM function conforms to BTP HICB-14.

BTP HICB-16, Guidance on the Level of Detail Required for Design Certification Applications Under
10 CFR Part 52:

+ Conformance: The SPTM function conforms to BTP HICB-16.
BTP HICB-17, Guidance on Self-Test and Surveillance Test Provisions:
+ Conformance: The SPTM function conforms to BTP HICB-17.

BTP HICB-19, Guidance for Evaluation of Defense-in-Depth and Diversity in Digital
Computer-Based Instrumentation and Control Systems:

» Conformance: The SPTM function conforms to BTP HICB-19. The implementation of an
additional diverse instrumentation and control system is described in Section 7.8.

BTP HICB-21, Guidance on Digital Computer Real-Time Performance:
* Conformance: The SPTM function conforms to BTP HICB-21.

7.2.3.3.6 TMI Action Plan Requirements

In accordance with the SRP for Section 7.2 and with Table 7.1-1, only 1.D.3 applies to the SPTM
function. This is addressed in Subsection 7.2.3.3.1 for 10 CFR 50.34(f)(2)(v)[I.D.3]. TMI action plan
requirements are generically addressed in Table 1A-1 of Appendix 1A.

7.2.3.4 Testing and Inspection Requirements

Proper functioning of analog temperature sensors is verified by channel cross-comparison during
the plant normal operation mode. The bulk pool temperatures are continuously compared between
divisions and indicated by the PCF.

Each of four SPTM safety-related divisions is testable during plant normal operation to determine
the operational availability of the system. Each safety-related SPTM division has the capability for
testing, adjustment, and inspection during a plant outage.

7.2.3.5 Instrumentation and Controls Requirements
The I&C requirements related to SPTM are addressed in Subsections 7.2.3.1 and 7.2.3.2.

7.2.4 COL Information
None.
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7.2.5 References

7.2-1 GE Hitachi Nuclear Energy, "GEH ESBWR Setpoint Methodology," NEDE-33304P, Class Il
(Proprietary), Revision 4, May 2010, and NEDO-33304, Class Il (Non-proprietary), Revision
4, May 2010.

7.2-2 (Deleted)

7.2-3 GE Hitachi Nuclear Energy, "ESBWR - Software Management Program Manual,"
NEDE-33226P, Class lll (Proprietary), Revision 5, February 2010, and NEDO-33226, Class
I (Non-proprietary), Revision 5, February 2010.

7.2-4 GE Hitachi Nuclear Energy, "ESBWR - Software Quality Assurance Program Manual),"
NEDE-33245P, Class Il (Proprietary), Revision 5, February 2010, and NEDO-33245, Class
I (Non-proprietary), Revision 5, February 2010.
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Table 7.2-1 Sensors Used in Functional Performance of RPS
Sensor Description Number of Sensors
NMS (LPRM) 256
NMS (SRNM) 12
NBS reactor vessel pressure 4
Drywell pressure 4
RPV narrow range water level 4
Scram accumulator charging water header pressure 4
MSIV position switch contacts 32

TSV position switches

TCV hydraulic trip system oil pressure

TBV position switches 48
Power generation bus voltage (Loss of All FW flow) 4
Condenser pressure 12
Suppression pool temperature 64
Feedwater temperature 8
7-207 Revision 0
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Table 7.2-2 SRNM Trips and Rod Blocks

Trip/Block

Description Trip/Block Value(" Function Comments
SRNM Short Period 10 seconds Scram Bypassed in RUN mode
Trip (ng)incident and non-coincident modes
SRNM Short Period 20 seconds Rod Block Bypassed in RUN mode
Alarm Coincident and non-coincident modes
SRNM Period 55 seconds Rod Block Bypassed in RUN mode
Withdrawal Coincident and non-coincident modes
Permissive Signal is a permissive for automated rod

motion

SRNM Inoperable

Critical SRNM fault,
module interlock
disconnect; HV
(excitation) voltage

Scram and Rod Block

Bypassed in RUN mode
Coincident and non-coincident modes

low
SRNM Downscale 3 cps Rod Block Bypassed in RUN mode
Alarm Coincident and non-coincident modes
SRNM Upscale Flux 5E+5 cps Scram Bypassed in RUN mode
Trip Non-coincident mode only
Count rate range only
SRNM Upscale Flux 1E+5 cps Rod Block Bypassed in RUN mode

Alarm

Non-coincident mode only
Count rate range only

SRNM ATWS 6% rated thermal Permissive signal to Coincident and non-coincident modes
Permissive power ATWS/SLC system (all

modes)
Notes:

1. Instrument setpoint accuracy is determined by safety analyses using GEH instrument setpoint
methodology (Reference 7.2-1).
2. Coincident and non-coincident modes controlled by plant procedures.
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Table 7.2-3 SRNM Trip Signals
Indicator Type
Condition (1) () Rod Block N-DCIS Alarm Indication Reactor Trip®)
Upscale Trip ) X X X X
Upscale Alarm X X X X
Period Trip(®) X X X X
Period Alarm X X X X
Period Withdrawal X X X X
Permissive
Inoperative X X X X X
Downscale Alarm X X X X
Channel Bypass X X
Notes:

1. No trips are active in Run mode or for a bypassed channel; however, they are active in other operating
modes.

2. This trip is operable in the non-coincident mode.
3. For trip conditions, see Subsection 7.2.2.1.1.1.
4. This refers to channel/division trip signal provided to RPS.

5. These signals are all sent to N-DCIS for monitoring, alarming and recording. They are also available on
safety-related displays.
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Table 7.2-4

APRM Trip Function Summary

Trip Function

Analytical Limit For Trip
Setpoint (1)

Action

APRM Upscale Flux Trip

125% rated thermal power
15% rated thermal power

Scram (only in Run)
Scram (not in Run)

APRM Upscale Flux Alarm

108% rated thermal power
12% rated thermal power

Rod Block (only in Run)
Rod Block (not in Run)

APRM Upscale Simulated Thermal
Power Trip

115% rated thermal power

Scram

APRM Inoperative

1. LPRM inputs too few;
2. Module interlocks disconnect

Scram & Rod Block
Scram & Rod Block

APRM ATWS Permissive

6% rated thermal power

ADS Permissive signal to SSLC
system (all modes)

APRM Downscale

5% rated thermal power

Rod Block (only in Run)

Note:

1. Instrument setpoint accuracy is determined by safety analyses using GEH instrument setpoint

methodology of Reference 7.2-1.
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Table 7.2-5 Outputs from SPTMs to Other Systems
Signal Utilization
Sixteen divisional suppression pool local temperature Input for divisional scram initiation and temperature status

signals to each safety-related DCIS RMU (in each of 4 display within SSLC/ESF and RPS.
divisions).
Input for non-divisional suppression pool cooling mode
initiation (FAPCS).

Input for non-divisional suppression pool temperature data
display, alarm and recording (within N-DCIS & MCR).
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Table 7.2-6 OPRM Trip Function Summary

Trip Function

Analytical Limit For Trip
Setpoint (1

Action

OPRM Inoperative

LPRM inputs too few

OPRM Cell/Channel Alarm

OPRM Oscillation Detection

See Table 4D-5 Defense-In-Depth
Algorithm Setpoints

Channel Trip

OPRM Oscillation Detection

See Table 4D-5 Defense-In-Depth
Algorithm Setpoints

Channel Alarm

OPRM Bypass

N/A

Controlled by APRM bypass

Note:

1. Instrument setpoint accuracy is determined by safety analyses using GEH instrument setpoint
methodology of Reference 7.2-1.
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Figure 7.2-1

RPS Simplified Functional Block Diagram
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Figure 7.2-2

RPS Interfaces and Boundaries Diagram
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