Rev. 12

STP 3 & 4 Tier 1

2.2 Control and Instrument Systems

The information in this section of the reference ABWR DCD, including all subsections,
tables, and figures, is incorporated by reference with the following departures.

STD DEP T1 2.2-1 (Table 2.2.1)
STD DEP T1 2.14-1 (Figure 2.2.6)
STD DEP T1 3.4-1 (Figure 2.2.1, Figure 2.2.5, Figure 2.2.7b, Table 2.2.11)

2.2.1 Rod Control and Information System
STD DEP T1 2.2-1 (Table 2.2.1)

STD DEP T1 3.4-1 (Figure 2.2.1)

Control and Instrument Systems 2.2-1
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Figure 2.2.1 Rod Control and Information System Control Interface Diagram
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Table 2.2.1 Rod Control and Information System

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment

Inspection, Tests, Analyses

Acceptance Criteria

11. The RCIS is powered by two non-Class 1E

uninterruptible power supplies, such that
both channels of the RCIS remain
operational if either supply is operational
with the non-operational supply in an
alarmed condition.

11. Tests will be performed on the as-built RCIS

by previding-atest-sigral-ir-orly-ore-ron—
o E i by

time-removing each power supply from
service one at a time.

11. Fhetestsigrat-existsin-orfy-one-control-

ehanrel-atatime-An alarm is activated by
the inoperable power supply, and both

channels of the RCIS remain operational.
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2.2.3 Feedwater Control System

STD DEP T1 3.4-1

Design Description

The FDWC digital controllers determine narrow range level signal using three reactor

level measurement inputs from the NBS. Sensersignats-are-transmittedto-the-FDWE-
digital-controllers by the Non-Essential Multiplexing System (NEMS).

The steam flow in each of four main steam/mes is sensed at the RPV nozzle ventur/s

These measurements are processed in the d/gltal controllers to calculate the total
steam flow out of the vessel.

Feedwater flow is sensed at a flow element in each of the two feedwater lines. Sensor

signals-are-transmitted-to-the-FDWGdigital-controllers-by-the-NEMS: These

measurements are processed in the digital controllers to calculate the total feedwater
flow into the vessel.

2.2.5 Neutron Monitoring System

2.2-4

STD DEP T1 3.4-1 (Figure 2.2.5)

Design Description

The automated in-core instrument calibration system provides local power information
at various core locations that correspond to LPRM locations. The automated in-core
instrument calibration system uses its own set of in-core detectors for local power
measurement and provides local power information for three-dimension core power
determination and for the calibration of the LPRMs. The measured data are sent to the
Proecess-Gomputer-System Plant Computer Functions for such calculation and LPRM
calibration.

Control and Instrument Systems
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Figure 2.2.5 Neutron Monitoring System
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2.2.6 Remote Shutdown System
STD DEP T1 2.14-1 (Figure 2.2.6)

Design Description

The RSS has two divisional panels and associated controls and indicators for
interfacing with the following systems:

(10) Hammability-Gentrol-System(FGS)Not used

2.2-6 Control and Instrument Systems
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Figure 2.2.6 Remote Shutdown System
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2.2.7 Reactor Protection System

2.2-8

STD DEP T1 3.4-1 (Figure 2.2.7b)

Design Description

As shown in Figure 2.2.7a, the RPS interfaces with the Neutron Monitoring System
(NMS), Nuclear Boiler System (NBS), Control Rod Drive (CRD) System, Rod Control
and Information System (RCIS), Recirculation Flow Control (RFC) System, and the
Suppression Pool Temperature Monitoring System (SPTM)..—andthe-Essential-

Muttiptexing-Systerm(EMS). Figure 2.2.7a also depicts the primary #rplerrentation-of
RPS logic withinthe-Safety-SystemLegic-and-Gortrol{SSEG).

The RPS has four divisions. Figure 22-6a 2.2.7b shows the RPS divisional aspects
and the signal flow paths from sensors to scram pilot valve solenoids. Functions
Eguipment within an RPS division eensists-ef include sensors (transducers or
switches),|/O, ruttiptexers; data communication, digital trip rredHes functions (B+HM
DTE), trip logic wa# function (A=H TLF), output logic unit (OLU), and load drivers (LD).
The LDs are only in Divisions Il and Ill. The (DTF) and (TLF) are performed in digital
configurable logic devices. The data communication functions are described in Section
2.7.5.

The RPS consists of logic and circuitry for initiation of both automatic and manual
scrams. The automatic scram function is eemptised-ef accomplished redundantly in
four independent divisions of sensor irstrurment-channels—hardware/softwarc-based-
fegie and logic processing, and two independent divisions of actuating devices.
Automatic scram is initiated whenever a scram condition is detected by two or more
automat/c d/V/S/ons of RPS log/c F%au%ema#c—seram—the—sense#m,e&t—s;gna#s—te—éhe—
A - For
determ/nat/on of the eXIstence of an automat/c scram cond/tlon within each attomatic-
seram-channel division of the RPS, the BHM DTFE of a given RPS ehannel division
compares the monitored process variable with the a stered setpoint stored in its
memory and issues a trip signal if the monitored process variable exceeds the setpoint.
The BFHM DTE ther sends the trip signal to the H-H TLF of its own eharref division and
the U TLF s of the other three ehannrets divisions of RPS—where-twe-out-offour
votingHs-perfermed-{seetigure22-6a). The TLF in each division performs an

independent two-out-of-four vote on each RPS DTF input.

NMS the fourehannel—s d|V|S|ons of the NMS each prowde the/r trip signals to each
RPS divisional H=5 TLE. A list of conditions that can cause automatic reactor scram is
provided below. The name of the system that provides the sensor input signal or the
trip signal is shown in brackets.

(3) NMS Trips [Diserete-trip-signals-to-RRS-FLUSNMS]

Control and Instrument Systems
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(7) Main Steamline Isolation [NBS diserete-sigratste-RRPS-DTMs]

(9) High Suppression Pool Average Temperature [SPTM Medwe-ef-SSLCtrip-
stgratsto-RPRS-DFMs]

The HYH TLEs provide their trip signals to their divisional OLUs which are-+sed-te
control the solid-state LDs that control the Class 1E AC power to the scram solenoids;
and relays that control DC power to back-up scram valves. For automatic scram
initiation, the A5 TLF trip signals cause the LDs to interrupt Class 1E AC power to the
scram solenoids (fail-safe logic), cause the back-up scram relays to supply DC power
to back-up scram solenoids, and provide scram follow signals to the RCIS. Each
division of RPS controls eight LDs. The LDs are arranged to switch AC power to the
scram solenoids in a two-out-of-four fermatarrangement. That is, reactor scram will
occur only if two or more divisions of the RPS provide trip signals to their associated
LDs and both scram solenoids are de-energized.

Manual scram function, which is separate and independent from automatic scram
logic, is implemented in Divisions Il and Il of the RPS. For manual scram initiation, two
manual scram push buttons efthe-RRPS must be simultaneously depressed. When
manual scram is initiated, the RPS—threugh-manual-seram-switehes; interrupts Class
1E AC power to the scram solenoids, connects divisional Class 1E DC power to back-
up scram solenoids, and provides scram follow signals to RCIS. The RPS logic seals
in the scram signals and permits reset of scram logic only after a time delay of at least
10 seconds.

RPS initiates a reactor internal pump (RIP) trip on receipt of either a turbine stop valve
closure or a low turbine control valve oil pressure signal when the reactor power is
above 40% (from a turbine first stage pressure NMS-SHR-signal).

The RPS design is single-failure-proof and redundant. Also, the RPS design is fail-safe
in the event of loss of electrical power to one division of RPS logic.

The OLU and L Ds are implemented with non-microprocessor-based equipment. The
remaining RPS functions are primarily implemented with configurable logic devices.

Each of the four RPS divisional logic and associated sensors are powered from their
respective divisional Class 1E power supply. In the RPS, independence is provided
between Class 1E divisions, and also between the Class 1E divisions and non-Class
1E equipment.

Control and Instrument Systems 2.2-9
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Figure 2.2.7b Reactor Protection System
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2.2.9 Automatic Power Regulator System
STD DEP T1 3.4-1

Design Description

The APR System operates in either manual or automatic control mode. The system
control logic is performed by redundant, digital controllers. The digital eertreffer
controllers reeeives receive inputs from and send outputs to interfacing system
systems via the non-essential muttiptexing-system(NEMS) data communication
function (NECF). # The APR System performs power control calculations and provides
system outputs to the-NEMS interfacing systems to allow coordinated control.

2.2.11 Preecess-Gomputer-System Plant Computer Functions (PCFs)
STD DEP T1 3.4-1

Design Description

The Rresess Plant Computer System Functions (RGS PCFs) eensists-of are a set of

control, monitoring and data calculation functions that are implemented on redundant
digital eentral processing units and associated peripheral equipment. Redundant

processors are used for functions that are important to plant operation. The PCFs ard-
fs are classified as a non-safety-related system.

The RGS PCFs perferms perform local power range monitor (LPRM) calibrations and
calculations of fuel operating thermal limits data, which i is prevides provided to the
automated thermal limit monitor (ATLM) function of the Rod Control & Information
System (RCIS) for the purpose of updating rod block setpoints.

The RGSHunctions-alse-asa PCFs also include top-level controller functions which
Aonriters monitor the overall plant conditions, ss4es issue control commands and
adfusts adjust setpoints of lower level controllers to support automation of the normal
plant startup, shutdown and power range operations. In the event that abnormal
conditions develop in the plant during operations in the automatic mode, the-RGS these
functions automatically reverts revert to the manual mode of operation.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2.11 provides a definition of the inspections, tests and/or analyses, together
with associated acceptance criteria, which will be undertaken for the PGS PCFs.

Control and Instrument Systems 2.2-11
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Table 2.2.11 Preoecess-Coemputer-System Plant Computer Functions

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment

Inspections, Tests, Analyses

Acceptance Criteria

The equipment eemptisirg performing the
PGS PCFs is defined in Section 2.2.11.

—_

Inspections of the as-built system will be
conducted.

The as-built P&S equipment implementing
the PCFs conforms with the description in
Section 2.2.11.

The PGS PCFs prevides provide LPRM 2. Tests of the as-built R&S PCFs will be LPRM calibration and fuel thermal limits data
calibration and fuel operating thermal limits conducted using simulated plant input are received by the ATLM function of the
data to the ATLM function of the RCIS. signals. RCIS.

In the event that abnormal conditions 3. Tests of the as-built R&S PCFs will be Upon receipt of the abnormal plant input

develop in the plant during operations in the
automatic mode, the PGS PCFs
automatically revetts revert to the manual
operating mode.

conducted using simulated abnormal plant
input signals, while the &S PCFs s are in
the automatic operating mode.

signals, the &S PCFs automatically reverts
revert to the manual operating mode.
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